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Studies of the nutrition of certaif lysine requiring 
mold mutants indicate that L-a-aminoadipie acid 
AAA) or a-ketoadipic acid (KAA) are precursors of 
lysine. For example, Mitchell and Houlahan (1948) 
found that certain lysine requiring mutants of Neuro- 
spora crassa would respond to either lysine or AAA, 
and Windsor (1951) subsequently demonstrated that 
-C'-@-aminoadipic acid was completely incorporated 
into lysine in one such mutant. Lysine requiring 
mutants of Ophiostoma (Bergstrom and Rottenberg, 
1950) utilize either KAA or AAA for growth in lieu of 
lysine. The pathway of lysine biosynthesis in yeast has 
been studied by Strassman and Weinhouse (1953); 
from the manner in which acetate is incorporated into 
lysine of the proteins of Torulopsis utilis, a scheme 
compatible with the idea that KAA and AAA could be 
precursors of lysine in yeast was proposed for the 
origin of KAA from carbohydrate metabolism. 

Current efforts to produce L-lysine commercially 
either by chemical or biological means such that. it 
might be economically feasible to fortify certain food- 
stuffs deficient in this amino acid with L-lysine (e.g., 
see Howe, 1957) prompted us to consider the possibility 
that microorganisms might be found having a high 
capacity to produce lysine when grown with adipic 
acid derivatives. After a brief screening program in- 
volving several hundred yeasts, molds, and bacteria, 
it became evident that many commen yeasts, particu- 
larly certain strains of Saccharomyces and Torulopsis, 
have a marked capacity to convert KAA or AAA to 
iysine. Such lysine is found in the yeast cell but is ap- 
parently not bound to protein, as it is readily extracted 
from the cells with hot water; such yeasts may contain 
as much as 20 per cent of their dry weight as lysine. 
These findings have both practical and theoretical 
interest, for they suggest a possible means of producing 
lysine and lend strong support to an “adipic acid path- 
way” of lysine biosynthesis in yeast. A brief account 
of this work has appeared elsewhere (Broquist and 
Stiffey, 1959). 


Present address, and address to which reprint requests 
should be sent: Department of Dairy Science, University of 
Illinois, Urbana, Illinois. 

Present address: Institute of Microbiology, Rutgers 
University, New Brunswick, New Jersey. 


MATERIALS AND METHODS 


Adipic acid derivatives. a-Ketoadipic acid (KAA) 
and pL-a-aminoadipic acid (AAA) were synthesized 
in this laboratory by Dr. John A. Brockman, Jr., Dr. 
Milon Bullock, and their associates. 

Microbiological procedures. Saccharomyces cerevisiae 
strains Y-80, Y-4, and Y-9 were obtained from Dr. 
Homer Tresnor of these laboratories. Torula utilis 
(Torulopsis utilis) strain Y-900 was obtained from Dr. 
Lynferd Wickerham, Northern Utilization Research 
and Development Division, United States Department 
of Agriculture, Peoria, Illinois. Commercial baker’s 
yeast was purchased locally. These cultures were main- 
tained on malt agar slants. Unless otherwise indicated 
in the tables, shake flasks experiments were carried 
out as follows: 24-hr malt agar slant cultures were 
suspended in 10 ml sterile saline and 0.3 ml of ‘this 
suspension used to inoculate 15 ml of sterile media and 
test substance in 125-ml Erlenmeyer flasks. The flasks 
were placed on a reciprocating shaker and incubated 
for 72 hr at 28 C. The flasks were then steamed for 
10 min, readjusted to 15 ml with water, centrifuged, 
and the clear supernatant assayed for L-lysine employ- 
ing Leuconostoc mesenteroides strain P-60 using the 
medium and procedure recommended by Difco Labora- 
tories, Inc. (1953). All results are expressed as L-lysine 
monohydrochloride. 

The medium used in the shake flask studies was 
either a synthetic medium that has previously been 
described (Broquist, 1957) and which contains ammo- 
nium sulfate as the principal form of nitrogen; ora crude 
cornsteep liquor medium consisting of cornsteep 
liquor, 5 per cent; glucose, 5 per cent; and ammonium 
sulfate, 0.38 per cent. The medium, plus appropriate 
additions, was adjusted to pH 5.3, dispensed, and auto- 
claved 10 min at 121 C, cooled, and inoculated. 

Assay procedures. The yield of yeast was determined 
either by dry weight determinations of washed cultures 
or simply by centrifuging whole cultures in appropri- 
ately calibrated tubes from which the yield could be 
read directly. Glucose was measured by the method of 
Somogyi (1945). 

A diet low in lysine, suitable for study of the growth 
response of chicks to lysine supplementation, was de- 
vised as follows: yellow corn, fine ground, 60 per cent; 
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sesame meal, 15 per cent; cottonseed meal, 15 per cent; 
Cerelose, 3 per cent; steamed bone meal, 2 per cent; 
mineral salts, 2 per cent; calcium carbonate, 1 per cent; 
B-complex vitamins with Cerelose, 1 per cent; vitamins 
A, D, and E in corn oil, 1 per cent; and choline chloride, 
0.2 per cent. One-day-old Silver Cross chicks were 
divided into groups of 12, placed in an electrically 
heated brooder, and fed the basal diet containing vari- 
ous supplements as indicated. The weight of the chicks 
and number of survivors were recorded at intervals 
during a 13-day assay period. 


RESULTS 


The percentage of molar conversion of KAA and 
AAA to lysine when certain yeasts are grown in syn- 
thetic or cornsteep liquor media under the conditions 
described, is illustrated in table 1. Experiment 3, table 
1, may be regarded as typical, in that in general the 
efficiency of conversion of these intermediates to lysine 
is higher from KAA. Possibly this is related to a favored 
difference in permeability of the yeast cell to KAA 
rather than AAA. When KAA was added to the corn- 
steep liquor medium at levels of 1 to 5 mg per ml, it 
was converted to lysine to the extent of 50 to 75 per 
cent by these yeasts. The efficiency of conversion was 
much less when the yeasts were grown in synthetic 
medium, probably an indication that nutritional fac- 
tors, as yet unknown, in the crude medium are con- 
tributing to lysine biosynthesis from KAA and AAA. 
Experiment 4, table 1 illustrates that a critical level 
of cornsteep liquor is required for optimum lysine 
formation from KAA. Although the yeast grew well 
at all concentrations of cornsteep liquor tested, the 
1 per cent level was inadequate for optimum lysine 
formation; 3 per cent and 5 per cent cornsteep liquor 
favored lysine synthesis, whereas the 7 per cent level 
markedly inhibited synthesis. These effects of corn- 
steep liquor are of interest and require further study. 

The relationship of lysine biosynthesis to yeast 
growth and metabolism is given in figure 1. A series 
of shake flasks containing cornsteep liquor medium 
and 5 mg per ml KAA was inoculated with Saccharo- 
myces cerevisiae (Y-80) and duplicate flasks withdrawn 
from the shaker at various time intervals up to 112 
hr of incubation. When this series of cultures was as- 
sayed for lysine content, for reducing sugar remaining 
in the medium, and for extent of yeast growth, the 
results were as plotted in figure 1. It can be seen that 
growth increased rapidly up to 36 hr with a concomi- 
tant drop in reducing sugar in the medium, and then 
leveled off for the remainder of the experiment. Lysine 
synthesis, however, proceeded much more slowly than 
the growth rate; for example, the maximum yield of 
lysine formed from KAA was not obtained until 84 hr, 
whereas only a third of this amount of lysine had been 
formed at 36 hr when growth had about reached a 
maximum. 
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In the experiments described up to this point vsine 
assays were carried out on whole yeast cultures which 
had been steamed (cf. Materials and Methods). The 
experiment outlined in table 2 was designed priniarily 
to determine whether lysine formed from KAA or \AA 
by growing yeast cultures was present in the spent 
medium or in the yeast cells. If the 48-hr data of ‘able 
2 are considered, for example, it can be seen that the 
lysine formed from the adipic acid intermediates js 
present only in heated cultures, demonstrating that it 
is present exclusively in the yeast cell, but it can be 
readily extracted from the cell by hot water. If the 
data with heated cultures are considered for the 3-day 
experimental period (table 2), further evidence is pre- 
sented for a delayed synthesis of lysine from KAA and 


TABLE 1 


Lysine biosynthesis from DL-a-aminoadipic acid and a 
ketoadipic acid by yeast under various 
nutritional conditions 


t-Lysine-HC1 Produced From 





HOOC(CH2)sCCOOH 


= HOOC(CH2)s 
Expt Medium* Aap senate 
No. Precursor NHe 0 
Amt. [Menton | Amt (Monor 
mg/ml mg/ml % mg/ml ¢ 
it SYN 0 0 0.13 
SYN 1 0.06 12.5 | 0.32 16.7 
SYN 5 1.11 60.0 | 0.71 10.2 
3% CSL 0 0.17 0.18 
CSL 1 0.17 1.04 75.2 
CSL 5 1.42 | 67.5 | 3.18 | 52.7 
28 SYN 0 0.12 0.10 
SYN 1 0.22 | 17.5 | 0.34 21.1 
SYN 5 0.38 | 14.1 0.69 11.8 
3% CSL 0 0.43 0.53 
CSL 1 0.79 | 63.2 1.48 | 83.5 
CSL 5 1.75 | 71.2 3.70 56.8 
3t | 3% CSL 0 | 0.22 0.22 
CSL 1 0.13 0.838 | 53.5 
CSL 2 0.17 1.78 | 68.2 
CSL 3 | 2.78 | 74.8 
CSL 4 0.65 | 18.8 | 3.00 | 61.0 
CSL 5 4.00 | 66.5 
CSL 6 1.48 | 36.8 
CSL 8 2.13 | 41.8 
CSL 10 2.85 | 50.0 
4t | 1% CSL 5 | 0.73 12.8 
3% CSL 5 | 3.09 54.2 
| 5% CSL 5 | 2.81 | 49.4 
| 7% CSL 5 | | 0.34 5.9 





*SYN = synthetic medium; CSL = cornsteep liquor me 
dium (cf. text, Methods and Materials). 

¢ Calculated on the assumption that only the L-enantio 
morph of pL-a-aminoadipic acid is utilized. 

t Saccharomyces cerevisiae (Y-80). 

§ Torulopsis utilis (Y-900). 
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BIOSYNTHESIS OF LYSINE 
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Figure 1. Relationships between cell growth, sugar utilization, and lysine biosynthesis by Saccharomyces cerevisiae (Y -80) in corn 


steep liquor medium containing 5 mg/ml a-ketoadipic acid. 


AAA in these cultures. The fact that lysine synthesized 
fom KAA or AAA by yeast is found in the cell (table 
2) should permit an unusually high production of lysine 
in yeast. This is illustrated by the data shown in table 
3. When two different baker’s yeasts were grown with 
or without KAA, there was no significant difference 
in the yield of yeast obtained (step 2), but the yeasts 
grown in the presence of KAA contained 17.3 per cent 
and 18.8 per cent of their dry weight as water soluble 
lysine (step 3). When the amount of lysine present in 
the cells as protein lysine is considered (step 4), it may 
be seen that the effect of growing commercial baker’s 
yeast with KAA is to produce a yeast containing over 
20 per cent of its total weight as lysine (step 5). 

The assumption that the water soluble ‘lysine’ in 
such cells, which supports growth of Leuconostoc mesen- 
teroides in lysine-deficient medium, is authentic lysine 
was confirmed by paper chromatography and chick 
assay. Since the amount of “lysine” in yeast grown 
with KAA is so great in comparison to other amino 
acids present in heated yeast extracts, paper chromatog- 
raphy of water extracts of such yeasts and subsequent 
treatment of the chromatograms with ninhydrin gives 
only one predominant ninhydrin spot. This spot co- 
incided with authentic lysine when an extract of high- 
lysine yeast was chromatographed in four different 
solvent systems (table 4). Moreover, duplicate chroma- 
tograms of such yeast extracts when bioautographed 
with L. mesenteroides in lysine free media gave a growth 
zone agreeing with the position of free lysine. 


TABLE 2 
Evidence for intracellular synthesis of lysine from adipic acid 
intermediates by Saccharomyces cerevisiae cultures 


| Lysine Content following Incubation for: 


S. cere- | 24 hr 48 hr 72 hr 








visiae | Adipic Acid Precursor | 
Strain -_ A oe 
| =| | 
| No 2 No 2 No 2 
heat* 8 heat 3 heat | § 
| x eo) is) 
mg/ml mg/ml mg/ml mg/ml 


a~Ketoadipate 


Y-80 1 | 0.06] 0.09) 0.08| 1.28) 0.07|1.31 
5 0.11} 0.15) 0.11) 3.70, 0.15)4.36 
Y-4 1 | 0.08) 0.15) 0.09) 1.56 0.07|1.15 


5 0.09| 0.27) 0.14] 4.46) 0.60/4.21 


pL-a-Aminoadipate | | | 
Y-9 2 0.08] 0.32) 0.11| 0.55 0.12/0.58 
10 | 0.40) 1.26) 0.14) 2.58 0.16)3.12 
| | 








Experimental: Yeasts were grown in a series of 125-ml shake 
flasks in 15 ml cornsteep liquor medium to which was added 
the indicated adipic acid precursor. Flasks were removed at 
daily intervals and the whole culture either steamed at 100 C 
for 10 min or not heated. The cultures were then centrifuged 
and the lysine content of the yeast supernatant determined by 
microbiological assay. 

* Treatment of culture prior to assay. 


When chicks were placed on a natural diet marginal 
in lysine content, the chicks did not give a growth 
response to the lysine precursors, KAA and AAA, at 
the levels tested (experiment A, table 5); but yeast 
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TABLE 3 


Examples of the preparation of a “high lysine’’ bakers’ yeast 


that lyst 


lls; inc 

Baker’ yeast #1 Grown With: Bakers’ Yeast *2 Grown Wit appea rec 

Step No. and Treatment of Yeast Cells — 7 — that rest 

No KAA 5 mg/mljKAA No KAA 5 mg/ml k AA ‘ . 

eae, ysine 1 

1. Whole yeast culture centrifuged; lysine content of studies | 

supernatant determined by microbiological assay. ..96 y/ml 203 y/ml 83 y/ml 196 y/ml KAA a 

2. Cells from (1) resuspended in original volume with en pr 

water, lyophilized and weighed. Yield of yeast 17.3 g/L 16 g/L 16 g/L 17.3 g/L It wa 

3. Autoclaved an aliquot of yeast suspension (2 aan % 
above), centrifuged and assayed supernatant for ly- int 

sine. Lysine in yeast suspension, y/ml or as ©% dry yeast hi 

weight of veast 155 y/ml; 0.9% 2771 y/ml; 17.36% 185 y/ml; 1.2% 3250 y/ml; 18.8¢, fas lysin 

4. Insoluble cell debris from (3) was autoclaved 12 hr tional ¥ 

with 2.5 x HCl, and lysine determined on the hy- table 3 

drolyzate. Lysine content as %% dry weight of yeast. 3.4% 3.7% 3.2% 3.9% efficient 

5. Total water soluble lysine plus protein lysine in 

veast cells (3 plus 4) as ©% dry weight of yeast 4.3% 21.0% 4.4% 22.7% possess 


edibility 


Experimental: Two strains of bakers’ yeast used commercially were grown in a series of 125-ml shake flasks in 15-ml cornstee might | 


liquor medium either with or without a-ketoadipic acid (KAA). After 72 hr incubation, the yeast culture was treated as described 


in the table. 


TABLE 4 


Identification of lysine in yeast by paper chromatography* 


De Re “‘Yeast 

scend- Lysine” by: 
ing R¢ 

Solvent System Chro Pure 

matog-| Lysine |... Bio- 
raphy Ninhy- outen- 
Time drin raphy 
hr 

Pyridine-acetic acid-water (50:35: 

15 by vol) 11 0.23 | 0.21 | 0.23 
Phenol-water (400:100 by vol).... 21 | 0.46 | 0.48 | 0.50 
Butanol-water-acetic acid (250: 

250:60, upper laver) 11 0.06 0.05 | 0.05 
Methylethylketone-acetic acid- 

water (90:25:30 by vol).. 11 0.21 | 0.20 | 0.21 


* Paper chromatography on Whatman No. 1 paper was 
carried out at 25 C in an all glass apparatus following the gen- 
£ 
eral procedure described by Block et al. (1958). 


grown with the KAA precursor gave the expected 
growth response in terms of its content of water soluble 
lysine (experiment B, table 5). The slight growth re- 
sponse of chicks to the control yeast grown in the ab- 
sence of KAA probably reflects some growth response 
to lysine in the yeast proteins. Further work is required, 
however, to establish quantitatively whether the lysine 
produced from KAA by yeast growth is completely 
available to meet the chick’s requirement for this amino 
acid. 


DISCUSSION 


The finding that Saccharomyces cerevisiae and Toru- 
lopsis utilis strains have an outstanding capacity for 
synthesis of lysine when grown in the presence of KAA 
or AAA provides evidence for an ‘adipic acid pathway” 
as a major route of lysine biosynthesis in yeast. These 





Growth response of chicks to lysine as supplied by yeast grown 


nutriti¢ 
foods. + 
a rs is readi 
TABLE 5 

the am 
a-ketoadipic acid (KAA) medium in pure 
either | 


Avg Weight of Chicks and tieal ac 


Survivors at: 


Expt Chick Supplement to Low : 
No. | Group Lysine Diet* it is ne 
5 days | 7 days 11 days 13 days to carr 
g/kg g g g 
A 1 None 53!2 651! 76 87" 
A 2 | 2g L-lysine 622 782 100% 11 Bw, 
A 3 5 g L-lysine 67!2 | ggR 1172 132” : : 
A 4 5ga-ketoadipic acid 55! | 65! 75'2 sge Be ue 
A 5 | 5g DL-a-aminoadipic crude 
acid 538 647 747 837 Pper m 
with ¢ 
B ] None 5412 5922 7512 81" E vere | 
B 2 4g L-lysine 63" | 75" | 111" | 196" 9. 1 | 
B 3 | 27 g dry yeast grown — 
without KAA, con- cells a 
tained 0.27 g L-ly as lys 
sinet 5612 | 612 8312 90" 
B i 27 g dry veast grown 


with KAA, con- 
tained 3.43 g L-ly- 
sinet 6212 | 73'!2 | 10312 | 115” 


* A natural diet low in lysine in which the amino acids wer 
obtained from yellow corn, sesame meal, and cottonseed meal: 
cf. text, Methods and Materials, for details. 

+ As determined by microbiological assay. 





studies differ from the work with mold mutants dis- 

cussed above in that these yeasts do not require KAA,| 
AAA, or lysine for growth; and the amount. of lysine | 
that can be formed from these intermediates is far! 
in excess of what would be expected for their metabo- | 
lism. The experiments illustrated by figure 1 and table 
2 revealed that lysine biosynthesis from KAA markedly 

lagged behind yeast growth. These observations suggest 
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hat lysine synthesis might be carried out by resting 
wells; indeed, while this work was in progress a report 
appeared by Sagisaka and Shimura (1957) showing 
that vesting cells of Torulopsis utilis convert AAA to 
sine in the presence of glucose and oxygen. Detailed 
sudies of the biochemical transformations by which 
KAA and AAA are subseauently converted to lysine 
are in progress. 

It was shown (table 3) that when baker’s yeast is 
sown With adequate KAA, it is possible to produce a 
yeast having more than 20 per cent of its dry weight 
as lysine, and such “yeast lysine” will meet the nutri- 
tional requirement of the chick for this amino acid 
table 5). By proper selection of a yeast strain that is 
efficient in the conversion of KAA to lysine and which 
possesses additional desirable characteristics including 
edibility, proficiency in synthesizing vitamins, etc., it 
might be possible to produce a yeast product of high 
nutritional value desirable for the fortification of certain 
ioods. Alternatively, since the lysine formed from KAA 
is readily extracted from the yeast cells by hot water, 
ithe amino acid could be isolated from such extracts 
in pure form. KAA, if it could be produced cheaply, 
either by synthesis or by biological means, has a prac- 
tical advantage over AAA as a lysine precursor in that 
it is not optically active, but can be utilized by yeast 
iocarry out an asymmetric synthesis leading to L-lysine. 


SUMMARY 


When strains of Saccharomyces cerevisiae and Torulop- 
sis utilis were grown for 2 to 3 days in shake flasks in 
crude cornsteep liquor medium containing 1 to 5 mg 
per ml a-ketoadipic acid (KAA), L-lysine was formed 
with an efficiency of 50 to 75 per cent; similar results 
were obtained with higher levels of DL-a-aminoadipic 
acid (AAA). Such “lysine” 
cells and had the following properties: (a) it was utilized 


was found in the yeast 


as lysine for growth of lysine-deficient chicks; (b) it 
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was readily extracted with hot water; (¢) such water 
extracts were active for growth of Leuconostoc mesen- 
teroides in lysineless media; and (d) paper chromatog- 
raphy of such extracts in diverse solvent systems gave 
zones indistinguishable from authentic lysine. When 
baker’s yeasts were grown in KAA medium, yeasts 
were harvested having over 20 per cent of their total 
dry weight as lysine. It is suggested that such high 
lysine yeasts might be a desirable source of lysine for 
fortification of certain foods deficient in this amino 
acid. 
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The tremendous growth of the frozen food industry 
during the past decade has resulted in the advocation 
of bacteriological standards for frozen foods by certain 
agencies. Some frozen food plants already have self- 
imposed bacteriological standards and quality control 
functions. To help complete the picture on the micro- 
biology of frozen foods before bacteriological standards 
are imposed, information should be acquired regarding 
the survival of bacteria in precooked frozen foods after 
baking. 

There have been several reports in the literature 
concerning the numbers and the species of bacteria 
which were encountered in unbaked frozen meat pies 
by Larkin, Litsky, and Fuller (1955), Canale and 
Ordal (1957), Litsky, Fagerson, and Fellers (1957), 
Huber, Zaborowski, and Rayman (1958), Ross and 
Thatcher (1958), and Kereluk and Gunderson (1959). 
However, there is little information concerning the 
effect of baking on the microbial flora of frozen meat 
pies. 

Studies by Canale and Ordal (1957) on frozen poultry 
pies have indicated that some of the times and temper- 
atures recommended by the manufacturers are not 
sufficient to eliminate the nonsporeforming organism. 
It was also found that the center of the pies baked, 
under what the authors assumed to be home con- 
ditions, did not reach a temperature high enough to 
reduce the bacterial count satisfactorily. Coliforms, as 
well as other nonsporeformers, were detected in the 
baked pies. 

Ross and Thatcher (1958) in a study of the bacterio- 
logical content of marketed precooked frozen foods in 
relation to possible public health hazard have shown 
that there is a 57.5 to 100 per cent reduction in the 
number of organisms found by the standard plate 
count after baking. However, the data presented on 
the effect of baking on the microbial population was 
limited to only a determination of the total number 
of bacteria. 

The purpose of this investigation was to determine 
the effect of baking on the number of viable bacteria 


1 Presented at the 87th Annual Meeting of the American 
Public Health Association, Laboratory Section, Atlantic City, 
New Jersey, Wednesday, October 21, 1959. 

2 Present address: Senior Bio Scientist, Space Medicine, 
Boeing Aircraft Company, Seattle, Washington. 
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the numbers of sporeforming organisms artificially number 
introduced into chicken meat pies. “B baking, 
The 
MATERIALS AND METHODS | were M 
The descriptions of the bacterial cultures used j jprobab 
this investigation are as follows. Escherichia coli ws } methoc 
isolated from a high count beef dinner cultured determ 
deoxycholate lactose agar. The organism was charyf °°"! 
terized as follows: gram negative, nonsporeformingg 2CtOSe 
rod; lactose fermenting with gas in 24 hr; indole ani lactose 
methyl red positive, Voges-Proskauer and citrap 2° b 
negative. The organism gave typical reactions 0 At the 
differential media. Staphylococcus aureus was isolatep¥°® ! 
in pure culture from brand beef dinner cultured on; brilliat 
salts agar plate. The organism had the following 
characteristics: gram positive, spherical cells in grape samph 
like clusters; colony exhibited a golden yellow pig The p 
ment; 8-hemolysis on blood agar plates; and gelatinas salts 
and coagulase positive. Bacillus subtilis was isolate} “™ 
from a tryptone glucose extract agar plate run on if" yell 
high count chicken meat pie and demonstrated thi — 
following characteristics: gram _ positive, aerobi hr. T 
sporeforming, long rod occurring in long chains; ani)?” 
liquefied gelatin. The isolation of Streptococcus faecali of 8. 
was made from a positive ethyl violet azide broth tube L-, 0. 
A streak was made on a tryptone glucose extract agu five 1 
plate and an individual colony was picked and trans 48 hi 
ferred into brain heart infusion broth. The organisn} POS! 
was a gram positive coccus, occurring in short chains azide 
lacked any hemolytic properties, met Sherman’s (1937 tubes 
criteria by growing in a broth at a pH of 9.6 in broti the fe 
with 6.5 per cent sodium chloride, in skim milk wit! (EVA 
0.1 per cent methylene blue, and in broth incubate confi 
at 45 C, and gelatinase negative. trypt 
The artificially inoculated chicken meat pies wer medi 
made in the laboratory. The organisms were seedei} ©” 
into separate aliquots of 100 ml of brain heart infusio! A 
broth and incubated for 24 hr at 37 C. Fifty milliliterf) 
of each culture were transferred into separate con °'™™ 
tainers of sterile chicken gravy from which the chicke! elect 
meat pies were made. A total count of. the organism the 
in the gravy was made before the pies were “si - 
The piés were held in a wind tunnel at —40 C for 6) °° 
hr and then stored in a laboratory freezer at —13 ( “pe 
am 


until used in this study. 
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All the chicken meat pies were first sampled by 
rently removing a portion of the outer crust with a 
sterile spoon and removing an 11-g gravy sample which 
was aseptically transferred into a 90 ml dilution blank 
with 0.1 per cent peptone water. 

Because the bacteria were present in the gravy, only 
the gravy was sampled for bacteriological enumera- 
tions. The frozen chicken meat pies were placed into 
a gas oven preheated to 218 C (425 F). A series of pies 
were baked at each of three different time periods, 20, 
30, and 40 min. The pies were sampled for bacterial 
numbers immediately after baking, 10 min after 
baking, and 20 min after baking. 

The determinations for each type of the organism 
were made from the pie samples as follows. The most 
probable number method (MPN) and an agar plating 
method using deoxycholate lactose agar were used to 
‘determine the numbers of £. coli. The MPN method 
consisted of five replicate tubes of a serial dilution in 
lactose broth. If there was evidence of gas in the 
lactose broth tubes, transfers of 0.1 ml were made 
into brilliant green bile broth tubes for confirmation. 
At the end of 24 hr, the brilliant green bile broth tubes 
were read for gas production. Gas production in the 
‘brilliant green bile broth tubes denoted a positive 
‘test. For the plating method, serial dilutions of the 
sample were plated using deoxycholate lactose agar. 
The plates were incubated for 24 hr at 37 C. Mannitol 
salts agar was used as the plating medium for the 
enumeration of S. aureus. Only colonies demonstrating 
a yellow zone were counted and considered to be the 
organism. The plates were incubated at 37 C for 48 
hr. The MPN method, as described by Litsky, Mall- 
mann, and Fifield (1953), was used for the enumeration 
of S. faecalis. The MPN was obtained by adding 10-, 
l-, 0.1-, and 0.001-ml portions of the sample to sets of 
five replicate azide dextrose broth tubes (AD). After 
48 hr incubation at 35 C, 0.1 ml-samples from the 
positive AD tubes were transferred into ethyl violet 
azide broth tubes (EVA) for confirmation. The EVA 
tubes were incubated for 48 hr at 37 C. Turbidity and 
the formation of a purple button on the bottom of the 


/EVA broth tubes were considered to be a positive 


confirmatory test. For the enumeration of B. subtilis, 
tryptone glucose extract agar was used as the plating 
medium. The plates were incubated at 37 C and 
counted after 48 hr. 

A series of heat penetration investigations were made 
using an electronic recording potentiometer and a 
ceramic, copper-constantan thermocouple. Using an 
electric drill with a 4% in. bit, a hole was bored into 





organism 
e frozen!) 
.C for 0 
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the center and half way down into the frozen meat 
pie. The hole was filled with gravy and then the 
ceramic thermocouple was inserted into the hole and 
secured in place on an aluminum tray by strapping to 
a metal frame. The pie was placed in a freezer for a 
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period of 21% hr to freeze the added gravy around the 
thermocouple. The product with the thermocouple 
was removed from the freezer, the thermocouple 
connected to the electronic recording potentiometer, 
and the pie placed into a gas oven preheated to 218.8 
C (425 F) and baked. Temperatures of the oven were 
also recorded. 


RESULTS AND DiscussIon 

Determinations were made on the effect of freezing 
on the total numbers of bacteria present in the inocu- 
lated gravy in chicken meat pies. The drop in total 
number of organisms was so small as to warrant drop- 
ping the determination of the number of bacteria after 
freezing from the bacteriological procedure of the 
laboratory made pies. The mass inoculation of bacteria 


TABLE 1 
Temperatures attained in the center of artificially inoculated 
chicken meat pies during baking 





Baking Time Temperature* 

: _— rn a 
0 | 5.0 
20 | 124.0 
30 | 170.0 


40 | 214.0 


* An average determination of 24 pies. 


TABLE 2 
Effect of various baking periods at 425 F on the survival of 


Escherichia coli in chicken meat pies* 





Bacteriological 
| Sampling Immedi- | 
| ately after Baking 


Bacteriological 
Sampling 10 Min | 
after Baking | 


Bacteriological 
Sampling 20 Min 
after Baking 


Before Baking 








Forty-Minute Baking Period 


<10 


40 ,000 ,000 <10 | 
40 ,000 ,000 <10 <10 
22 ,000 ,000 <10 <10 
Thirty-Minute Baking Period 
11,000,000 <10 <10 
4,900 ,000 <10 <10 
4,900,000 <10 <10 
930,000 ,000 <10 <10 
Twenty-Minute Baking Period 
49 ,000 ,000 49 ,000 49 ,000 ,000 
17 ,000 ,000 11,000,000 3,000 ,000 6,800,000 
13 ,000 ,000 240 ,000 330 ,000 24,000 
9,000 ,000 490 ,000 330 ,000 24,000 
2,400,000 18,000 490 ,000 2,400,000 
2,200,000 1,700,000 490 ,000 1,300,000 





* Figures are number of bacteria per gram as determined 


by the MPN method. 
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in the pies before baking was to ensure large population 
to determine the possible lethal effect of the various 
baking periods. It has been our experience (Kereluk 
and Gunderson, 1959) that the majority of meat pies 
obtained at the retail outlets are of good bacterio- 
logical quality and this necessitated artificially con- 
taminating meat pies to obtain the level of bacterial 
numbers needed in these experiments. 

In determinating the total number of F. coli in the 
inoculated pies, two methods were used, a plating 
method using deoxycholate agar and the method of 
MPN. The results from the two methods varied 
greatly. Therefore, the plating method for the determi- 
nations of total numbers of F. coli was discontinued. 

The heat penetration investigations revealed an 
average heat penetration rate of 4.5 F per min, when 
the pies were baked in a gas oven at 425 F for 40 min 
(table 1). The internal temperatures attained in the 
center of the meat pies at the different baking times 
were: 124.0 F for a 20-min baking period, 170 F for 
the 30-min baking period, and 214 F for the full 40- 
min baking period. The internal temperatures were 
determined from an average of 24 pies at each of the 
different baking times. 


TABLE 3 
Effect of various baking periods at 425 F on the survival of 
Streptococcus faecalis in chicken meat pies* 
Bacteriological Bacteriological Bacteriological 


Sampling Immedi- | Sampling 10 Min | Sampling 20 Min 
ately after Baking after Baking after Baking 


Before Baking 


Forty-Minute Baking Period 


460 ,000 ,000 290 <10 
330 ,000 ,000 <10 <10 
330 ,000 ,000 <10 <10 
330 ,000 ,000 <10 <10 
260 ,000 ,000 <10 <10 
130 ,000 ,000 <10 <10 
49 ,000 ,000 <10 <10 
33,000 ,000 <10 <10 


Thirty-Minute Baking Period 


330 , 000 ,000 24 ,000 ,000 <10 

240 ,000 ,000 79,000 220 ,000 45 
170,000 ,000 7,900,000 <10 <10 
130 ,000 ,000 1,300,000 <10 <10 


Twenty-Minute Baking Period 


490 ,000 ,000 350 ,000 ,000 170 ,000 350 ,000 ,000 
170,000 ,000 49 ,000 , 006 33,000 ,000 17 ,000 ,000 
130,000 ,000 49 ,000 , 000 46 ,000 , 000 110,000,000 
130 ,000 ,000 33,000 ,000 79 ,000 ,000 79 ,000 ,000 
130 ,000 ,000 49 ,000 ,000 33,000 ,000 33 ,000 ,000 
130 ,000 ,000 11,000 ,000 17 ,000 ,000 


* Figures are number of bacteria per gram as determined 
by the MPN method. 
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ihe totd 
and 20- 
maine 


The effect of baking on EF. cold in chicken me.it pies 
is tabulated in table 2. The baking times of 40 ind 39 
min completely eliminated the organism. However 
the 20-min baking period produced varied resulis with The? 
a slight reduction in the number of the organi-ms {800,000 
the pie. the 40- 

An examination of the results tabulated in table 3f§§,000 
indicates that there was a considerable drop in thegthe 2 
number of S. faecalis in the 40-min baking period: 
however, there was one exception. In sample one, the 
original count of 460,000,000 bacteria per g had dropped 


except 1 
demons 
tinued 


to 290 bacteria per g after the 40-min baking period In t 
The effect of 30 min of baking on S. faecalis was ot asf§piess ™ 
great as the 40-min baking period. There was a r.giocult 
duction in numbers of the organism by the end of the grow? 
baking period and a further drop after the 10-miyauthor 
sampling period. After the 20-min baking, the results forme! 


were varied and could not be evaluated. vegeta 
The effect of the different baking times on S. aureu 


is tabulated in table 4. The results indicate that the 


Survin 
to the 


original count of the organism was 1,000,000 tof during 
5,000,000 organisms per g, but after the 40-min§f discov 
baking period, the count dropped to a range of 0 tof deter! 
40 organisms per g. Ten minutes after the baking§alter | 
period, the counts ranged between 0 to 10 organisms 
per g. The 30-min baking period caused a decline ii 
Effe 
TABLE 4 
Effect of various baking periods at 425 F on the survival of Befc 
Staphylococcus aureus in chicken meat pies* 
Bacteriological Bacteriological Bacteriological 
Before Baking Sampling Immedi- Sampling 10 Min | Sampling 20 Mir 
ately after Baking after Baking after Baking 
16 
Forty-Minute Baking Period 15 
14 
5,500,000 <10 <10 <10 12 
4,500 ,000 <10 <10 <10 12 
4,000,000 <10 <10 65 10 
3,000 ,006 <10 <10 <10 6 
2,200,000 <10 <10 <10 | 
2,000 ,000 40 <10 <10 
1,000,000 <10 <10 <10 
Thirty-Minute Baking Period 4( 
= : — a it 
2,000 ,000 200 130 300 
30,000 300 200 2,000 
2,000 160 100 | 170 
1,000 300 100. | 100 
Twenty-Minute Baking Period 
4,000 ,000 500 , 000 20,000 20 ,000 
1,400,000 100,000 360 ,000 300 ,000 
1,000 ,000 30,000 7,000 10,000 
100,000 1,600 300 ,000 800 ,000 
* Figures are number of bacteria per gram as determined 
by the MPN method. the 
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ihe total number of S. aureus. However, after the 10- 
ad 20-min waiting periods after baking, the counts 
rmained constant. 

The numbers of B. subtilis before baking ranged from 
90,000 to 40,000,000 organisms per g (table 5). After 
the 40-min baking period at 425 I, the range was 2 to 
9,000 organisms per g. After the 10-min hold period, 
the number of B. subtilis continued to drop with one 
aception. After the 30-min baking period, B. subtilis 
demonstrated a drop in numbers, and this trend con- 
tinued after the 10-min hold period. 

In the bacteriological examination of chicken meat 
pies, nO determinations were made for spores since the 
18-hr culture of B. subtilis 
gown in brain heart infusion broth. It has been the 
authors’ experience that in plant conditions spore- 
formers were usually present in greater numbers in the 
vegetative state than in the spore state in frozen foods. 


inoculum used was an 


Survival of B. subtilis after baking was probably due 
to the presence of spores which may have developed 
during the prefreezing handling period and cannot be 
discounted. Further investigations are necessary to 
determine the survival of spores in frozen meat pies 
after baking. 


TABLE 5 
Effect of various baking periods at 425 F on the survival of 
Bacillus subtilis in chicken meat pies* 


Bacteriological 
Sampling 10 Min 
after Baking 


Bacteriological 
Sampling Immedi 
ately after Baking 


Bacteriological 
Sampling 20 Min ] 
after Baking 


Before Baking 


Forty-Minute Baking Period 
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16,000,000 70 ,000 400 <10 
15,000,000 80,000 7,000 <10 
14,000 ,000 5,000 60,000 1,500 
12,000,000 20 ,000 3,000 <10 
12,000,000 <10 <10 <10 
10,000 ,000 70,000 60,000 3,000 
6,000 ,000 20 <10 <10 
4,500,000 15 12 20 
Thirty-Minute Baking Period 

40,000 , 000 10,000 $000 200 
16,000,000 1,200 20 400 
2,000 , 000 100 ,000 300 21,000 

800 ,000 100 ,000 2,000 2,000 

Twenty-Minute Baking Period 

5,100,000 4,900 ,000 200 , 000 900 ,000 
5,000,000 1,300,000 840,000 100,000 
3,000,000 2,000 ,000 8,000 ,000 4,000,000 
2,000,000 6,000 ,000 7,000,000 7,000 ,000 
1,800,000 7,000,000 8,000,000 7,000,000 
1,000 ,000 200 , 000 7,000,000 1,000,000 


* Figures are number of bacteria per gram as determined by 
the MPN method. 







The pies that were baked for 20 min at 425 F were 
unpalatable because the crust had just started to 
brown and the pies had the appearance of being just 
“thawed” or raw. It is highly unlikely that a pie baked 
for 20 min would be consumed. Despite the indicated 
fact that baking will greatly reduce the number of 
bacteria present in a “grossly contaminated” meat 
pie, frozen meat pies should be produced with the 
lowest possible number of bacteria and under the 
maximal amount of sanitation. Baking of frozen meat 
pies should not be relied upon to mask a poor sanitary 
operation. 


SUMMARY 


To determine the effect of various baking periods at 
425 F on the survival of various organisms, a series of 
chicken meat pies were inoculated with a heavy sus- 
pension of bacteria prior to freezing. The bacteria used 
in the investigation were Staphylococcus aureus, Strepto- 
coccus faecalis, Escherichia coli, and Bacillus subtilis, 
and only one species of bacteria was inoculated into 
each pie. The contaminated pies were baked for 20, 
30, and 40 min in a gas oven preheated to 425 F and 
the pies were sampled for bacteriological counts at the 
end of the baking periods and again at 10 and 20 min 
after baking. 

There was a 0.0002 to 0.1 per cent survival of the 
nonsporeforming bacteria after baking at 425 F for 
40 min. In the pies inoculated with S. faecalis, the 
survival was 0.1 per cent. The sporeforming organism, 
B. subtilis, demonstrated a 0.35 per cent survival in the 
pies under these conditions. 

In the pies baked for 30 min at 425 F, there was a 
0 to 3.6 per cent survival of the nonsporeforming 
organisms, S. faecalis again surviving in the greatest 
numbers. 

After the 20-min baking period, the nonsporeforming 
bacteria exhibited a 14 to 100 per cent survival. The 
sporeforming bacterium had a survival of 150 per cent 
or more, indicating possible multiplication. 
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Beraha, Ramsey, Smith, and Wright (1959) showed 
that the medium upon which Penicillium digitatuwm 
was grown prior to irradiation had an effect upon the 
dosage needed to kill the mycelium. Information is 
needed, therefore, on the growth response of irradiated 
mycelium to explain reasons for growth response and 
survival in irradiated foods. This study was instituted 
to determine the effects of irradiation on the survival 
and enzyme activity of the mycelium of Aspergillus 
oryzae. 


MATERIALS AND METHODS 


Radiation facilities. The 
linear accelerator built to operate between 2.0 and 


radiation source was a 
6.0 MEV. The mycelium was irradiated in a glass 
chamber with two aluminum windows 1 mil in thick- 
ness. The cell was 2 cm thick and 3.8 cm in diameter. 
Irradiation was performed at 5.6 MEV. The energy 
levels of the electrons in the cathode beam varied 10 
per cent. The beam was nonmonoenergetic (MacKay, 
1953). Dosimetry was performed using the ceric sulfate 
method (Weiss, 1952). 

Growth media. Bacto-Czapek-Dox‘ (sucrose-nitrate 
medium) and a starch broth medium were used both 
as a pre- and postirradiation growth medium. The 
starch medium was composed of the following (per L): 
soluble starch, 10 g, sodium nitrate, 3.0 g, dipotassium 
phosphate, 1.0 g, potassium chloride, 0.5 g, magnesium 
sulfate, 0.5 g, and ferrous sulfate, 0.01 g. The pH of 
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the starch medium was adjusted to 5.5, which is 
optimum for the activity of a-amylase of A. oryzae. 
oryzae (Ahlburg) Cohn 
strain 11601, was obtained from the American Typ 
Culture Collection, Washington, D. C., and grown in 
shake culture on both sucrose-nitrate broth and stare) 
broth for 60 hr. At the end of this growth period, the 
mycelium was washed aseptically with sterile distilled 
water to remove all reducing sugars. The washing: 
were tested for reducing sugars by the method of 
Sumner and Howell (1935). After washing, the my- 
celial pellets were ground in a Waring Blendor to make 
a uniform suspension so that the mycelium could be 
pipetted aseptically into growth flasks. 
Radiation treatment. The mycelium was irradiated 
over a range of 0.086 to 3.87 xX 10° rads in distilled 
water and placed in fresh sucrose-nitrate and starch- 
nitrate broth within 2 hr after irradiation. 
Growth measurement. The presence or absence oi 
growth was noted by visual observations. One milliliter 
of the irradiated mycelium was inoculated in 15 ml 
of the growth media. The samples were incubated at 
room temperature for a period of 5 days. 
Enzyme activity. a-Amylase activity was estimated 
by adding an iodine solution (0.0035 m iodine in 0.25 
M potassium iodide). Decrease in the blue color of the 
starch medium as compared with the control (not 
inoculated with mold) was used as an index of a- 
amylase activity. Sucrase activity was measured by 
using the method of Sumner and Howell (1935). The 
presence of reducing sugars in the sucrose-nitrate 
medium was considered to be an indication of sucrase 
activity. 


Mycelium production. A. 


RESULTS 


When the mycelium was grown in sucrose-nitrate 
medium prior to irradiation, A. oryzae was not able to 
grow after having been exposed to a dosage of 0.43 X 
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10° rads when cultured in starch broth, but grew after 
a dose of 0.86 X 
nitrate broth. a-Amylase was active after having been 
dosage of 0.43 X 10° rads. Sucrase ac- 
ivity was observed after exposure to a dosage of 3.87 


radiation at 10° rads in sucrose- 


exposed to a 


X 10° rads, as shown in figure 1. 

The effect of growing the mold in a starch-nitrate 
medium prior to irradiation is shown in figure 2. In 
this case, no growth of the irradiated mycelium oc- 
curred after a dose of 0.43 X 10® rads. a-Amylase 
activity was observed after a dose of 3.01 X 10° rads, 
whereas sucrase activity was observed at 0.87 X 10° 
rads. 

DIscusSION 

The resistance of mycelium of A. oryzae was affected 
by the growth medium upon which the fungus grew 
prior to irradiation. These findings are in agreement 
with those of Beraha ef al. (1959) with P. digitatum. 
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SUCROSE -NITRATE STARCH-NITRATE 


Figure 1. Growth and enzyme activity after irradiation when 
preirradiation growth was on a sucrose-nitrate medium. 
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STARCH-NITRATE SUCROSE-NITRATE 


Figure 2. Growth and enzyme activity after irradiation when 


preirradiation growth was on a starch-nitrate medium. 








IRRADIATION EFFECT ON A. ORYZAE 11 


These workers also found that the resistance of Peni- 
cillium italicum was affected by the age of the mycelium 
at the time of irradiation. Various species differ in their 
resistance to irradiation. Beraha ef al. (1959) found that 
a dosage of 0.468 X 10° rads were necessary to kill 
Alternaria citri. The method of preparation, as well 
as the age of the mycelium, may account for the sur- 
vival of mycelium at a dose of 0.86 X 10° rads. 

It is indicated in the literature that inactivation of 
enzymes in vitro is a function of concentration (Dale, 
Gray, and Meredith, 1949). The results of this experi- 
ment may be explained on the basis of concentration 
of the enzymes in vivo. As indicated in figure 1, sucrase 
was still active after a dose of 3.87 X 10° rads, indi- 
cating that the concentration within the cell was high 
enough to prevent complete inactivation and to allow 
the mycelium, when replaced on sucrose-nitrate broth, 
a dose of 0.86 X 10° rads. 
Since the preirradiation growth had occurred on su- 
crose-nitrate broth, the amylase concentration level 
within the cell was low due to the lack of enzyme 
stimulation and therefore 
quently, the mycelium failed to resume growth after 
irradiation at a lower dosage. 

The data in figure 2 indicate that preirradiation 
growth on starch-nitrate medium stimulated amylase 
production, but the concentration of enzyme produced 
was not great enough to allow the irradiated mycehum 
to withstand higher doses when replaced in starch-ni- 
trate broth. 


to resume growth after 


asier to inactivate; conse- 


ACKNOWLEDGMENTS 


The authors wish to express their thanks to Dr. 
J. W. MacKay of the Purdue Physics Department for 
his assistance with the Purdue linear accelerator. 


SUMMARY 


Sucrose-nitrate and starch-nitrate broths were used 
as pre- and postirradiation growth media. The my- 
celium of Aspergillus oryzae was irradiated in distilled 
water, replaced in fresh sucrose-nitrate and starch- 
nitrate broths, and evaluated for growth and enzyme 
activity. When A. oryzae was pregrown on sucrose- 
nitrate medium, the mycelium withstood a higher dose 
of cathode rays (0.86 X 10° rads), as indicated by 
visual growth, in a_postirradiation sucrose-nitrate 
medium than in a starch-nitrate medium (0.43 X 10° 
rads). The mycelium contained active sucrase after a 
dose of 3.87 X 10° rads whereas 0.43 X 10° rads in- 
activated a-amylase. 

When the organism was pregrown on starch-nitrate 
medium, a different survival and enzyme inactivation 
pattern was produced. Death of the mycelium oc- 
curred at the same level of irradiation when the irradi- 
ated mycelium was placed in sucrose-nitrate and 
starch-nitrate broths. a-Amylase was active after an 
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exposure of 3.01 X 10° rads whereas 
active after an exposure of only 0.86 X 10° rads. 


sucrase Was 
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yeast apparently 
follows a different metabolic pathway than that by 
bacteria where diaminopimelic acid serves as an inter- 
mediate. Instead, 2-oxoadipic and 2-aminoadipic acids 
were postulated as the key intermediates by Strassman 
and Weinhouse (1953). Recently Broquist and Stiffey 
(1959) observed the accumulation of hot 
tractable lysine in yeast when grown in glucose-corn 


The biosynthesis of lysine by 


water-ex- 


steep liquor medium containing added 2-oxoadipic or 
2-aminoadipic acid. The presence of corn steep liquor 
was reported to be important. Esposito, Albrecht, and 
Bullock (1959) suggested that 2-aminoadipic, a-N- 
succinyl-2-aminoadipic and a-N-succinyl lysine might 
serve as intermediates in the conversion process of 
2-oxoadipic acid to lysine. The possibility of economical 
production of lysine by a process employing 2-oxoadipic 
acid had not been explored. The present report con- 
cerns primarily the development of commercially 
feasible fermentation conditions for the production 
of lysine-rich yeast using 2-oxoadipic acid as precur- 
sor. 

The conditions adapted for producing lysine-rich 
yeast are similar to those used in the baking yeast 
industry. In this industry a large number of procedures 
are used and many modifications have evolved. How- 
ever, certain factors are common to all the processes. 
The fermentation is usually started in a dilute salt- 
molasses solution and is characterized by strong 
aeration and a feeding schedule of nutrients. The feed 
rate of the nutrients (the wort) is designed to sustain a 
maximal reproduction rate of the yeast and at the 
same time maintain a minimal concentration of the 
useable carbon compounds in the fermentor (Under- 


kofler and Hickey, 1954). 
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EXPERIMENTAL METHODS 


Fermentation. The fermentations were carried out ii 
agitated and aerated 2- or 5-L glass fermentors. A salt 
solution (composition given in table 1, molasses de. 
leted) was added to the fermentors in volumes of 0.5 
or 1.5 L, respectively. The precursor, 2-oxoadipie acid, 
was adjusted to pH 5.0 with KOH and incorporated 
into the salt solution at concentrations of 1 to 5 g per 
L as indicated. The wort solution (composition given 
in table 1) and the fermentors containing the salt- 
precursor solution were sterilized separately at 120 ( 
for 20 min. 

The yeast inoculum, Saccharomyces cerevisiae, Lederle 


strain Y-434, was grown for 36 hr in molasses wort 
diluted 1:2 with tap water. A 10 per cent by volume 
inoculum was added to the sterile salt-precursor solu- 
tion in each fermentor. Immediately after inoculation, 
wort was schedule-fed into the fermentor according to 
the scheme given in table 2. The total amount of wort 
added was equal to the volume of the initial salt solu- 
tion in each fermentor. The fermentation temperature 
was 30 C. Unless otherwise stated, the agitation was 
about 400 rpm with a paddle agitator and the airflow 
was 1.0 volume of air per volume of medium per minute 
based on final medium volume. 

Lysine determination. Vive milliliters of the fermented 
broth were centrifuged and the cells resuspended in 
water to give a concentration equal to the original 
whole broth. The water suspension was heated to 90 
to 100 C for 12 min and then cooled to room tempera- 
ture. The cell debris was centrifuged off and the lysine 
content of the supernatant was determined micro- 
biologically with Leuconostoc mesenteroides strain P-60 
as described in Difeo Manual (Difco Laboratories, Inc., 


1953). 
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2,vadipie acid determination. The 2-oxoadipic acid 
content, of the supernatant used in the lysine de- 
a-keto-acid 
l'riedemann and 


termination, was determined by the 


determination method of Haugen 
(1945). 
Growth 


broth was determined by measuring the optical density 


determination. Growth in a fermentation 
at 600 mu with a Coleman Jr. spectrophotometer.' The 
optical density value in turn was translated to dry cell 
weight with a standard curve previously made from 
known concentrations of yeast cells. 

Acration measurement. Extent of aeration was de- 
termined by the technique suggested 
Fernstrom, and Miller (1944). 


by Cooper, 


ReEsuLts AND Discussion 
Results of preliminary experiments indicated that 
lysine-rich yeast was successfully produced in a number 
of media other than the corn steep liquor-Cerelose 


'Coleman Instruments, Inc., Maywood, Illinois. 


TABLE 1 


Composition of molasses wort 


Component Amt 

g/L 

Blackstrap molasses* 46.0 
Beet molasses* 64.0 
Ammonium sulfate 3.5 
Magnesium sulfate heptahydrate 2.5 
Ammonium monohydrogen phosphate a3 0.5 
Phosphoric acid. 0.4 


Tap water to 1,000 ml; pH adjusted to 5.0 with H.SO, or 
KOH. 

* Molasses was diluted 1:4 with tap water and the resulting 
solution was heated to 90 C for 30 min and filtered with the 
addition of 2 per cent diatomaceous earth. The quantity was 
expressed in terms of molasses before this treatment. 


TABLE 2 


Schedule of wort addition 


Hours after 
Inoculation 


Volume, Per Cent 
of Origina! Volume 


Hours after 


Volume, Per Cent 
Inoculation igi 


of Original Volume 





0 1.0 13 5.0 
0.5 ‘3 14 5.0 
1 i.7 15 5.0 
2 2.7 16 4.7 
3 3.0 17 4.4 
4 a IS 4.2 
5 4.0 19 3.8 
6 4.5 20 3.6 
7 5.0 21 3.3 
8 5.5 22 2.7 
9 5.5 23 2.0 
10 §.5 24 1.4 
1] 5.5 25 0.5 
12 5.4 


medium described by Broquist and Stiffey (1959). 
Yeast cells produced in a manner similar to baker’s 
yeast, using a molasses medium containing 2-oxoadipic 
acid, contained high concentrations of hot water- 
extractable lysine. Corn steep liquor was not essential. 
Variation of the broth pH from 3.5 to 4.8 did not 
affect the conversion process. Direct adaptation of the 
baker’s yeast process for the production of lysine-rich 
yeast thus seemed possible. 

The changes occurring during a typical fermentation 
in a 5-L fermentor, final medium volume 3 L, are shown 
in figure 1. The precursor concentration was 3 g per L 
based on final medium volume. The biosynthesis of 
lysine appeared to occur almost simultaneously with 
growth of the cells and stopped when cell reproduction 
ended. A maximal cell lysine content of 16.5 per cent 
was reached in 35 hr after inoculation. The conversion 
efficiency of precursor to lysine- HCl was 0.65, weight 
basis. 
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Figure 1. Fermentation of lysine-rich yeast. A 5-L fermentor 
containing 3 L medium, final volume. 2-Oxoadipie acid, 3 g 
per L. 





r growth 


hr 


Average Growth,qm 
% Cell Lysine «HCl 
& 
T 














(a) 10 20 Bo 40 50 60 
Fermentation Time, Hours 


Figure 2. Influence of precursor addition time on cell lysine 
content. 2-Oxoadipic acid, 5 g per L. Time of precursor addi 
tion designated by numbers on curves. 
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To establish the relationship between cell growth and 
lysine synthesis, the precursor was added at various 
stages of the fermentation at a concentration of 5 g 
per L based on final volume. The results obtained from 
fermentations carried out in 2-L fermentors are sum- 
marized in figure 2. Yeast with the highest lysine 
content, 13.8 per cent, was obtained when the precursor 
was added at the time of inoculation, whereas, yeast 
with correspondingly lower lysine content was ob- 
tained with later additions of the precursor. It is likely 
that lysine formation is somehow related to the age of 
the yeast cells in the medium. This suggests that, 
perhaps, some material of yeast origin participates as a 
reactant in the process of conversion, and could well be 
the factor limiting the yeast lysine content and the 
conversion efficiency in the presence of abundant 
2-oxoadipic acid. 

The effect of precursor concentration, 1 to 5 g per L, 
on cell lysine content and on conversion efficiency was 
studied by varying the amount of 2-oxoadipic acid 
added to the initial salt solution. The growth of yeast 
cells, about 12 g per L, was unaffected by the various 
concentrations used. The results of these experiments 
in 2-L fermentors, given in figure 3, indicated that the 
cell lysine content was highest, 14.5 per cent, at pre- 
cursor concentrations above about 3 g per L and 
diminished at, concentrations. However, the 
conversion efficiency was diminished at concentrations 
both higher and lower than about 2.5 g per L. Appar- 
ently the yeast cells grown in molasses medium utilized 
some of the 2-oxoadipic acid without conversion to 
lysine. The effect of precursor concentration was 
evidently subject to environmental conditions, as in the 
preliminary experiments with the corn steep liquor- 
Cerelose medium, the conversion efficiency curve did 
not exhibit a maximum using various levels of pre- 
cursor. Resting cells in glucose-phosphate solution, 
gave a conversion of 2-oxoadipic acid to lysine, but all 
the precursor which disappeared from the solution was 
accounted for as lysine (Esposito, Personal Communi- 
cation). 


lower 
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Figure 3, Effect of precursor concentration on cell lysine 
content and conversion efficiency when precursor concentration 
is varied. Concentration of 2-oxoadipic acid based on final 
medium volume. 
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If any unconverted 2-oxoadipic acid remained yp. 
destroyed at the end of a fermentation, it should |y 
possible to raise the over-all conversion efficiency ay 





maintain a high cell lysine content simply by refer. 
menting the spent broth with added molasses an 
2-oxoadipic acid. was designed ty 
explore this possibility. At the end of a fermentation jy 
which the total 2-oxoadipic acid added was 3 g per |, 


An experiment 


the yeast cells were removed by centrifugation and tly 
amount of unconverted 2-oxoadipie acid determined 
A 500-m]! quantity of the spent broth was put into the 
fermentor to serve as the salt solution for the second 
cycle and the remainder used as wort for the schedule 
feeding. As 0.43 g 2-oxoadipic acid remained after the 
first cycle, 2.57 g of 2-oxoadipic acid were added to thy 
solution in the fermentor which together totaled 3.0 ¢ 
in the wort. The broth for schedule feeding was re. 
plenished to its original molasses concentration and 
water added to 500 ml. The data given in table 3 
show that the over-all conversion efficiency, 0.64, from 
the two cycles was essentially the same as that ob- 
tained in one cycle. If the conversion efficiency of th 
second cycle had equaled that of the first, the over-all 
conversion efficiency would have been 0.69; i.e., 3.84 ¢ 
lysine: HCl from 5.57 g 2-oxoadipic acid. 

Limited studies were made to observe the effect oi 
aeration. This process, in contrast to most of th 
TABLE 3 
Effect of refermenting spent beer with added molasses and 2 
oxoadipic acid 


Cell Precursor Lysine: Conversio: 
— Added HCl Efficiency 

g/L g/L g/L 
First cycle 13.7 3.00 1.92 0.639 
Second cycle 12.5 2.57* 1.65 0.550 
Over-all — 5.57 3.570 0.6417 


* There was 0.43 g 2-oxoadipic acid remaining after first 
evele. 
7 Total lysine-HCl divided by total precursor added. 


TABLE 4 


Effect of aeration on lysine yield 
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2-L 2.31 400 13.0 13.2 0.559 


* Expressed as millimoles of oxygen per L medium per min 
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published fermentation processes, showed an optimum 
geration rate (table 4). At high aeration a yeast product 
yith relatively low lysine content, 13.2 per cent, was 
obtained. At low aeration, the highest lysine content, 
16.5 per cent, was obtained, although the cell yield was 
reduced. At the lowest aeration used, both lysine 
content and cell growth were reduced. 


SUMMARY 


Conversion of 2-oxoadipic acid to lysine with Sac- 
charomyces cerevisiae was accomplished in aerated and 
agitated fermentors under fermentation conditions 
resembling those used in baker’s yeast process. 

With this process, a yeast product containing about 
16 per cent hot water-extractable lysine (calculated as 
hydrochloride) was obtained. The conversion efficiency 
of 2-oxoadipic acid to lysine was about 0.63 (weight 
basis) in a fermentation medium containing molasses as 
the sole carbon source. Most of the conversion took 
place during the growth period. Aeration, concentration 
of the added 2-oxoadipic acid, and time of precursor 
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addition affected the lysine content and the conversion 
efficiency. 
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The streptococci have been under consideration as 
indicators of fecal pollution for many years. Their poor 
acceptance as a measure of fecal pollution from human 
and warm-blooded animal excreta has been due in part 
to the relatively low recovery rates in comparison to 
coliform densities in polluted waters; the multiplicity of 
detection procedures; poor agreement between the 
various methods for their quantitative enumeration; 
and the lack of detailed and systematic studies on the 
sources, survival, and interpretation of streptococci in 
various types of waters. Furthermore, undue emphasis 
has been placed on the Streptococcus faecalis group 
(enterococci) with little or no regard for other strepto- 
coccal strains present in the gut of humans and warm- 
blooded animals or birds. The predominating species 
of streptococci may vary markedly in various animal 
excreta. Some detection methods yield excellent results 
with human fecal samples but give poor quantitative 
recovery of the streptococci present in pig or cow 
feces, 


Due to limited space, it is not appropriate to review 
all the procedures that have been recommended for the 
detection of streptococci of sanitary significance. 
Commonly used media of this type are SF medium of 
Hajna and Perry (1943) or the subsequent modification 
by Hajna (1951) as BAGG broth, Winter and Sand- 
holzer (1946) presumptive and confirmatory media and 
azide dextrose broth of Roth as recommended by 
Mallmann and Seligmann (1950) with confirmation of 
presumptive positive tubes in ethyl violet azide broth 
of Litsky, Mallmann, and Fifield (1953, 1955). A 
newer medium for the membrane filter technique with a 
considerable increase in productivity was described by 
Slanetz and Bartley (1957). 

The original use of sodium azide in medium for the 
isolation of streptococci should probably be credited to 
Hartman (1936). Substances with wide acceptance in 
other countries as suppressive or inhibitive agents of 
nonstreptococcal bacterial growth are potassium 


tellurite used by Harold (1936) and Flemming (1932) 
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or thallium acetate described in the work of Cooper and 
Linton (1947). However, the type of media made 
considerable difference in both the number of strepto- 


coccal species isolated and the quantitative recovery 
when examining sewage from various sources and feces 
of different animal species. 

In this report a medium for the growth of fecal 
streptococci is described, which with minor modifica- 
tions can be used in a multiple tube (most probable 
number; MPN) method, with a membrane filter (MI) 
procedure, or by the agar pour plate technique. The 
growths of several fecal and nonfecal streptococci, as 
well as some nonstreptococcal species, on this media 
are compared to the growths of the same bacteria on 
other media. 


MATERIALS AND METHODS 


The streptococcal medium developed for this investi- 
gation and designated as KI streptococcal medium 
(KF) had the composition as shown in table 1. This 
medium as described may be used for the multiple tube 
method (MPN streptococcal test), using 10 ml of 
single strength broth with water samples of 1 ml or less 
per tube and 20-ml quantities of 1.5 strength broth 
for 10-ml quantities of water samples. It is adaptable 
for membrane filter technique by adding | ml of sterile 
1 per cent triphenyltetrazolium chloride (or 1 ml of 1 
per cent sterile tetrazolium red solution) solution to 
each 100 ml of the broth. For the agar plate count, 
add 2 per cent agar before sterilization of the medium 
and, when the KF streptococcal agar is melted for 
pouring plates, add 1 ml of 1 per cent sterile tetrazolium 
solution for each 100 ml of agar medium. The tetra- 
zolium solution should be sterilized by Seitz filtration 
and such stored solutions may be boiled 5 min before 
using. An alternate procedure consists of boiling the 
tetrazolium solution for 5 min and using immediately. 
Sterilization of medium containing tetrazolium or the 


TABLE 1 


Composition of KF streptococcal medium 


Proteose peptone No. 3 10 
Yeast extract (Bacto)* 10 
Sodium chloride (analytical reagent). . 5 
Sodium glycerophosphate 10 
Maltose, ep 20 
Lactose, ep 1 
Sodium azidet ae 0.4 
Sodium carbonate (analytical reagent) 0.636 
Brom cresol purple (water soluble) 0.015 
ml 
Distilled water. . 1,000 


Sterilize at 121 C (15 lb) for 10 min. The sterile medium 
should have a pH of between 7.2 to 7.3 and should not be used 
when the pH is less than 7.0. 

* Difco Laboratories, Inc., Detroit, Michigan. 

+ Eastman Kodak Co., Rochester, New York. 
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pressure is not recommended. pared 

Growth of a variety of streptococci, a species of BS! 
Pediococcus, a species of Leuconostoc, and three specig fd t! 


of Lactobacillus in dextrose azide presumptive broth ani ES: fae 
confirmation in ethyl violet azide (EVA) broth wer § with 
compared with growths in KF streptococeal mediuy & st’eP'' 
as (a) liquid broth in tubes, (b) with the mem)raye § filter ' 
filter method, and (¢) as a pour plate using solid mp. — tce | 
dium. some 

Water samples from 25 sources, including streams, F eel! 
lakes, springs, and sewage, were examined by five acid V 
streptococcal procedures and by a confirmed test for Fo red 
the coliform group. In the multiple tube procedures media 
(MPN) five portions each in three usable decimal (broth 


dilutions were examined. Appropriate quantities oj 
sample were filtered through membrane filters t 
secure at least one membrane with between 20 and (i) 
streptococcal colonies. The MPN and membrane filter 
procedures were used with KI° streptococcal medium; 
multiple tube tests with BAGG broth and with 
dextrose azide (DA) presumptive test followed by 
confirmation of all positive tubes in EVA broth; and 
the membrane filter technique with M-enterococcus 
agar. Dehydrated media were used for all test pro- 
cedures with the exception of KI* medium and diree- 
tions described by the authors of each reference tes! 
were followed. Tests using KI’ medium were incubated 
48 + 2 hr at 35 + 1 C and all membrane filter tests 
incubated in an atmosphere saturated with water 
vapor. MPN tubes of KI streptococcus medium were 
considered positive when turbid growth occurred with 0 
bright yellow (acid) color of the indicator and in th 
absence of marked foaming. Where foaming occurred, 
the streptococci were confirmed by a Gram stain. On 
membrane filters all red and pink colonies visible with 
15 diameters magnification were counted as strepto- 
coceal colonies. 

Approximately 700 colonies were picked by _ th 
random sample procedure from membrane filter tests 
for further verification as streptococci. Each colony was 
cultivated in brain heart infusion broth fer approxi- 
mately 24 hr at 35 C and examined for typical mor- 





phology of gram positive cocci in chains of two or mor 
organisms, with or without pleomorphism. Organisms} 
from positive tubes of liquid medium were examined) 
for typical streptococcal morphology. 

Ten samples of surface waters were compared by the 
membrane filter procedure and agar plate counting 
procedure, using KF streptococcal medium. All colonies 
on the plate with a red or pink color visible with 15x! 
magnification were counted as streptococci. 

RESULTS 

Growths of several streptococcal species and a few, 
nonstreptococcal microorganisms on KF media and in| 
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dextrose azide-ethyl violet azide (DA-EVA) are com- 
pared in table 2. 

Streptococcus mitis, S. salivarius, S. bovis, S. equinus, 
and the enterococcal group consisting of S. faecalis, 
S. faecalis var. liquefaciens, S. faecalis var. zymogenes 
yith related S. faecalis biotypes gave growth in KF 
streptococcal broth, on KI streptococcal membrane 
filter tests, and on KI streptococcal agar. There was a 
trace of turbidity in KF broth and scanty growth of 
some minute cotonies on KI* solid media with Pedi- 
woceus cerevisiae and Lactobacillus plantarum but no 
acid was produced in the liquid medium and no pink 
or red color change noted in the colonies on KF solid 
media. No growth was demonstrated on the KI media 
(broth or solid media) with S. cremoris, S. lactis, S. 
pyogenes, S. thermophilus, S. uberis, Leuconostoc mes- 
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Lactobacillus 
L. plantarum. 


enteroides, lactis, L. acidophilus, and 

Results of the examination of 25 water samples are 
shown in table 3. 

In the comparison of the data in table 3, the density 
obtained by the DA-EVA procedure was used as the 
reference test. Ratios for each test were calculated by 
dividing the density obtained by the DA-EVA test into 
the density given by each of the other test procedures. 
Median ratios were 0.62 for BAGG MPN, 1.28 for 
M-enterococecus agar MI, 2.42 for KF streptococcal 
medium MI, and 5.64 for the same medium by the 
multiple tube method. 

The confirmed coliform density by a 5-tube test in 
3 decimal dilutions was included to show the level of 


TABLE 2 
Growth characteristics of selected bacterial species on KF streptococcal medium and in dextrose azide-ethyl violet azide 
(DA-EVA) streptococcal medium 


Growth in 


Growth and Reaction in KF Streptococcal Media 


Growth in EVA 


DA Broth Broth : kecune 
Broth Membrane filter, 48 hr plate, 48 hr 
Culture Source of Culture 
Hours Hours Hours Colony Colony 
yrs Indicator = = 
24 48 | 24 | 48 24 | 48 3 Color Size in mm é Color 
Streplococcus: 
S. faecalis ATCC 7080 V + | + Blue + Acid +| Red 1-2 +| Red 
S. faecalis var. zymogenes ATCC 6054 V + j{|vj-+) Blue v| +) Acid +) Red 1-2 +) Red 
S. faecalis var. liquefaciens ATCC 4532 V + |vj+| Blue v| +] Acid +, Red 1-2 +) Red 
S. faecalis biotypes Feces V +iviviv v| +) Acid +| Red 1-2 +) Red 
S. durans ATCC 9810 V + |} vj+) Blue vi +) Acid +) Pink 1-2 +} Pink 
S. bovis. . ATCC 9809 + —| + Blue a Acid +) Pink 0.3-0.5 | +) Pink 
S. equinus ATCC 9812 + —|— + Acid + Pink 0.7-1.0 | +) Pink 
S. mitis... ATCC 9811 + —| +, Blue — +) Weak acid + Pink 0.3-0.5 | + Pink 
S. salivarius. ATCC 9756 ae 4 White | + Acid + > Pink 0.3-0.5 | +) Pink 
S. cremoris . ATCC 9625 —- +)-|)- —, —| No change | — — 
S. lactis ATCC 7962 — | + )})>— +) White | —! —| Nochange | — — 
S. pyogenes ATCC 10389 | + —| +) White | —| —| Nochange | — - 
S. thermophilus ATCC 7952 —-i/;+)-)- — —| Nochange — = 
S. uberis ATCC 9927 — +;)+ +> White | — — Nochange — _ 
Pediococcus cerevisiae ATCC 8081 —;|+!—| +! Blue — + Nochange | + White | 0.1-0.2 | + White 
Leuconostoc mesenteroides ATCC 9135 _ + -|- —| — No change _ — 
Lactobacillus lactis ATCC 10697 —-|+i-i- —| —| Nochange | — ~ 
Lactobacillus acidophilus ATCC 9857 —i+]-|- —| —| No change | — = 
Lactobacillus plantarum ATCC 10241 —}|+)}—-| +) Blue — +) Nochange | + Color- | 0.1-0.2 , + Color 
less less 
Escherichia coli Feces —-|/-)|-)- —-|- _ _ 


E. coli 


Avrobacter aerogenes 
1. aerogenes.... 


River water —-|-j|-—- 


Feces Sy) eg ee 


River water —-;-|- 





+, Growth; +, trace of growth (slight turbidity in tube or minute colonies on solid surface); v, reaction variable; and —, no 
growth. 
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pollution of the surface water samples by the usual RESULTS AND DIscussION 
test procedure. 

The relative efficiency of the membrane filter pro- 
cedure using KF medium as a liquid and KF medium 


enter 

The various formulas of KF media (broth, men) brane these 
filter, or agar plate tests) gave characteristic growth, and § 
summarized in table 2, with S. bovis, S. equinus, § No 





solidified with 2 per cent agar as a pour plate count tis. S. salivari 1 tl ‘ : : 5 oy 
: mitis, S. salivarius, and the enterococci consisting of FS. PY 
were compared on a short series of 10 water samples. Sg , 1s fa li of 7 ates ae 1g ol o 
ats S. durans and S. faecalis with its varieties of S. /igy. & nons 
Data are presented in table 4+. The 10 samples have an faci . er a ‘oh ‘ a “* . is nee 
4 ; : aciens, S. zymogenes and closely relate pes, Al] BB leroud 
average ratio (MF:plate count) of 0.94 with a range tl] " : : — ay ; " ee se “~ Alle ¥ 
: : . y« ‘ 1e above streptococcl roaucet , erowt f ‘ 
in ratios from 0.83 to 1.03. KF brot! = hy — re oe vi i th ne 
ys : aes . AP broth with an acid reactio - strate V the ge the 
Using a random sampling procedure, 698 colonies i " weer’ venues mee by Si tei 
; : : _ , > ehange . 2¢e, » "| Pes aru 
picked from membranes or plates during the study yellow color change produced in the bromocres| 
° » e Sie , >] ies . Yharactearictice reaeti : an simce 
were all shown to be species of the streptococci with purple indicator. Characteristic reaction on the men. sat 
ag ods é : mann chitor arcagarimiate Gal teat <ccon a oa » oninh  charé 
gram positive cocci in chains of two or more cells and brane filter or agar plate KF test was a red or pink im 
° . y r - rarmat? . = - ~ ie, 9 ¢ , ) 
with or without pleomorphism. Gram stained prepara- colony with variations in diameter from 0.3 to 2 mm, me 
i é t i . ; Pee ° : ° os ; . e l 
tions from MPN tubes always showed the presence of All of these streptococci are interpreted to be in thi 
‘ : c ; . . y ops . ° : were 
streptococci when acid was produced to give a yellow fecal streptococcal group since S. mitis and S. salivary 
A ; os ae : . . ° /f grou 
color. Some other bacteria were able to grow in liquid have been frequently isolated from human feces and} ; 
; ; ie ao ce ie : reac 
medium but did not produce acid in sufficient quantity domestic fecal wastes, S. bovis and S. equinus trom Ci 
; ) 
to give a yellow color. domestic animal feces and slaughter house wastes, ani t 
test § 
TABLE 3 with 
: : . alse 
Comparison of streptococcal densities per 100 ml of sample by most probable number (MPN) and membrane filter (MF) tal 
tests on four different media cerevt 
=v : : the J 
Ratios by Various Tests of th 
Confirmed DA-EVA BAGG KF Strepto- | M-Entero KF Strepto : 
Sample Coliform, Test, Broth, coccal Me- coccus coccal Me ve ee Di 
MPN MPN MPN dium, MPN | Agar, MF | dium, MF BAGG | KF (MPN) ~~ — KF (MI ; 
DA-EVA | DA-EVA |—pa sya | DA-EVA irom 
— . : num 
Well 130 4 350 210 10 10 | 87.5 52.50 2.50 2.50 | medi 
Lake A 33 8 33 920 6 40 4.23 118.00 0.77 5.13 § possi 
Lake B Peace 45 20 20 No test 30 $ 000 1.00 1.50 | 200.00 table 
Lagoon 1,700 68 230 790 130 100 3.38 11.60 1.91 1.47 FF t 
River A 3,300 200 200 1,300 100 1,100 1.00 6.50 0.50 20.50 pane 
yield 
Pond 400 200 200 4,900 100 500 1.00 24.50 0.50 2.50 | wher 
River B 1,400 200 200 2,300 260 710 1.00 1.50 1.30 3.55 | that 
Lake C 490 340 78 | No test 430 570 0.23 1.27 1.68 Pi cove 
River C ee 11,000 450 200 17 ,000 1,300 1,400 0.44 37.78 2.89 3.1L Vip 
River D 13 ,000 680 200 4,900 950 1,300 0.29 7.21 1.40 1.91 : 
met] 
River E 17 ,000 1,300 780 4,900 2,700 3,000 0.60 3.77 2.08 2.31 | due 
Creek A 13 ,000 3,300 1,300 2,300 4,400 8,000 0.39 0.70 1.33 2.42 
River F 46 ,000 4,000 2,000 3,600 4,700 4,900 0.50 0.90 1.18 1.23 
Creek B 1,100 4,300 4,300 | No test 59,000 56,000 1.00 13.72 13.00 
Creek C 92,000 4,600 4,900 22,000 | 13,000 27 ,000 1.07 4.78 2.83 5.87 Bye 
Creek D 7,900 7,900 3,300 7,900 5,700 5,700 0.42 | 1.00 0.72 | 0.72 | 
Creek E 22,000 7,900 4,900 7,000 8,800 28 ,000 0.62 0.89 | 1.11 3.54 
Creek F. 92,000 7,900 13 ,000 54,000 15,000 18,000 1.65 6.84 1.90 o 25 } 
Creek G.. 33 ,000 11,000 4,500 79,000 12,000 9 ,400 0.41 7.18 1.09 | 0.86 
Creek H.. 49 ,000 13,000 2,000 23 ,000 10,000 7,900 0.15 a7 0.77 0.61 ! 
| Rive 
River G 49,000 23,000 4,000 33,000 | 9,000 32,000 0.17 1.44 0.39 1.39 § Cree 
("2S Sa 54,000 35,000 7,900 92,000 | 16,000 54,000 0.23 2.63 0.46 1.54 j Rive 
Creek J i 350,000 35,000 200 54,000 24 ,000 56 ,000 0.01 1.54 0.69 1.60 Cree 
Sewage A 1,700,000 | 700,000 | 490,000 | 2,200,000 | 880,000 | 1,900,000 0.70 3.14 1.26 2.71 |g Sew 
Sewage B. 17,000,000 | 700,000 450,000 | 4,900,000 | 990,000 | 1,700,000 0.64 7.00 1.41 2.43 Pon 
Cree 
Median 0.62 5.47 1.28 2.42 @ Pon 
—— eee = Well 


DA = dextrose-azide; EVA = ethy!] violet azide; BAGG = buffered azide glucose glycerol broth. Well 
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enterococci from both the above sources. Also each of 
these species has been isolated from combined human 
and slaughter house sewage. 

No growth was observed with S. cremoris, S. lactis, 
S. pyogenes, S. thermophilus, or S. uberis, nor with the 
nonstreptococeal bacteria such as Leuconostoc mesen- 
teroides, L. lactis, and L. acidophilus. 

A trace of turbidity occurred at the end of 48 hr in 
the broth procedure with P. cerevisiae and L. plan- 
farum but these reactions were considered negative 
since there was insufficient acid produced to give the 
characteristic yellow color to the indicator. A few small 
colonies appeared on the solid KF media at the end of 
48 hr with the two above species but these reactions 
were considered negative for the fecal streptococcal 
group because the characteristic red or pink color 
reaction In the colony was absent. 

Comparison of the KF media with the DA-EVA 
test shows slightly better productivity of the DA-EVA 
with S. mztis examined, however, the DA-EVA yields 
false positive reactions with the strains tested of P. 
cerevisiae and L. plantarum (which are eliminated by 
the KF media) and gives variable reactions with some 
of the fecal streptococcal S. faecalis biotypes. 

Differences in the numbers of streptococci recovered 
from various surface waters may be due to the greater 
number of streptococcal strains which grow on KF 
medium as compared to the other media tested. This 
possibility is suggested by the data summarized in 
table 2, and is strongly supported by observations in 
another current study which showed that streptococcal 
vields were essentially the same from human feces 
when cultured in KI’ medium and in DA-EVA, but 
that much larger numbers of streptococci were re- 
covered from domestic animal feces when grown in 
KF medium than when examined by the DA-EVA 
method. This discrepancy in numbers is apparently 
due to the ability of some strains of S. bovis, S. mitis, 


TABLE 4 
Comparison of streptococcal densities by membrane filter (MF) 
method and pour plate agar count using KF streptococcal 
medium 


Sample a ae Count: Pat 
River no. 1.... 15,000 15,000 1.00 
Creek no. 1 11,000 12,000 0.92 
River no. 2 5,900 7,100 0.83 
Creek no. 2 23 ,000 23 ,000 1.00 
Sewage no. | : 620 ,000 700 ,000 0.89 
Pond water no. 1 20 20 1.00 
Creek no. 3..... 2,800 2,700 1.038 
Pond water no. 2 33 40 0.83 
UE ae ee 10 10 1.00 
Wel ninD.3 <4 42 45 0.93 
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S. salivarius, S. equinus, and some S. faecalis biotypes 
to grow on KF medium yet unable to grow on other 
media studied. It is recognized that because of the 
relatively small number of strains from each species 
examined, the suggestion of preferential growth is not 
statistically confirmed. 


SUMMARY 


A basic liquid medium (KF) for the enumeration of 
fecal streptococci was described for use with the mul- 
tiple tube procedure (most probable number; MPN) 
and minor modifications were outlined for its adaption 
to a membrane filter method or a streptococcal agar 
plate count technique. The KF media were evaluated 
with various species of streptococci and some non- 
streptococcal strains which have a few common growth 
characteristics with the streptococci. These data 
indicate typical strains of Streptococcus bovis, S. mitis, 
S. salivarius, S. equinus, and the enterococcal group, 
including closely related biotypes, produce growth on 
the KI media, whereas negative reactions resulted 
with S. cremoris, S. lactis, S. pyogenes, S. thermophilus, 
and S. uberis as well as with such microorganisms as 
Pediococcus cerevisiae, Leuconostoc mesenteroides, and 3 
species of Lactobacillus. Fecal streptococci are con- 
sidered by the authors to include S. bovis, S. mitis, S. 
salivarius, S. equinus, as well as the enterococci and 
their closely related biotypes. The KF medium as an 
MPN test procedure and as a membrane filter method, 
was compared with M-enterococcus agar (membrane 
filter; MF), BAGG broth (MPN), and dextrose azide 
(DA) presumptive broth with confirmation in ethyl 
violet azide (EVA) (MPN) test on 25 water samples of 
varying degree and type of pollution. The KI’ medium, 
used as an MPN test or as a membrane filter procedure 
yielded higher results in the recovery of streptococci 
from this series of polluted waters than were obtained 
by other comparative tests. The identification as 
streptococci of 698 colonies selected at random and 
the failure to find any nonstreptococcal bacteria during 
this study suggests the increased recovery of KF 
medium might be due to increased streptococcal growth, 
The possibilities that the difference in productivity in 
media was due to the number of species isolated and 
that a greater number of streptococcal species were 
able to grow on KF medium were suggested as a theory 
to account for differences in productivity. The mem- 
brane filter procedure using KF medium was the most 
convenient method where verification of streptococci 
was required or identification of the species by subse- 
quent biochemical tests was desired. The membrane 
filter method or the agar plate counting procedures 
are recommended over the multiple tube procedure, 
















































where they are applicable. Preliminary isolation on 

solid media is mandatory where a classification of 

species or groups is intended to eliminate possible 
overgrowths by certain streptococcal strains. 
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The tissue of normal, healthy, undamaged fruit is 
generally considered to be sterile. Yet, literature 
proving this hypothesis is scarce (lernback, 1888), 
whereas at times such statements appear without 
experimental evidence (Allen, 1950; Bureik, 1950). A 
number of investigators, however, have reported in- 
stances in which bacteria were found in various parts 
of healthy plants particularly in storage organs, 
(Hennig and Villforth, 1940; Szilvasi, 1942; Sanford, 
1948; Tervet and Hollis, 1948; Hollis, 1951; Schanderl, 
1953; Tonzig and Bracci-Orsenigo, 1955; Dawid, 1957; 
Starkey, 1958). Evidence has been accumulated and 
reported by us on the occurrence of bacteria within 
fresh, healthy cucumbers (Samish, Dimant, and 
Marani, 1957; Samish and Dimant, 1959) and this 
study has now been expanded to tomato fruits. 


MATERIALS AND METHODS 


In a series of preliminary experiments an efficient 
method of sterilizing the surface of fresh tomatoes was 
developed. Fresh, firm, healthy, and unblemished 
tomatoes were thoroughly washed, scrubbed, and 

1 Publication of the Agricultural Research Station, Rehovot, 
Israel, 1959, Series 295-E. This study was supported by the 
U.S. Department of Agriculture, Agricultural Research Serv 
ice (Public Law 480), Project No. UR-A10-(30)-3. 
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rewashed with a detergent, immersed for 10 to 15 s 
min in a detergent solution, and rinsed. They were nein 
then kept for 15 min in sodium hypochlorite containing J, 
300 mg available chlorine, and for 5 min in a weak — 
solution of sodium thiosulfate, again rinsed with sterile i 
water, and finally immersed for 30 min in 80 per cent ae 
alcohol containing 0.02 per cent iodine. The tomatoes se 


were then flamed and their pulp extracted by either oi 
two methods: 
1. A sterile wide-mouthed glass pipette was forced 
into the fruit and rotated so as to macerate the inner 
tissue of the tomato; aliquots of the pulpy juice were | — 
then pipetted and transferred directly upon nutrient 
media. 
2. The fruit was cut open with a sterile knife, and 
pieces of the inner pulp dissected, transferred into 4 
sterile jar containing pieces of broken glass, and dis- 
persed by shaking. 
Aliquots of the pulpy juice were transferred, with or 
without dilution with buffers, into test tubes containing } 
nutrient broth or agar slants. Generally 1 ml of tomato 





pulp was used for each sample, 3 to 6 samples being 
prepared from each tomato. The concentration and 
composition of the buffers and nutrient substrates) To's 
were modified in the course of the experiments. The , 
samples were incubated at 29 to 30 C and observed | R 








VoL, 9 


vor Mas 
l.  Mileh 


153 4 
in Vater 
W. 195 
‘sche richia 


ic Health 


compara 
tococei jy 
86-259. 

mbers of 
ed by the 
dium. J 


mmended 
-rococcus 


rior, Fis} 


ley were 
ntaining 

a weak 
th sterile 
per cent 
omatoes 
either ol 


is forced 
he inner 
ice were 
nutrient 


life, and 
d into a 
and dis- 


| 1961) 








with or 
ntaining } 
F tomato 
es being 
jon and 


ibstrates | 
cn 

its. The 
¢ 
ybserved | 






for bacterial growth for up to 3 weeks. Bacterial growth 
became evident either through turbidity of the broth 
or through colonies forming upon or within the agar. 

The microflora within the tomatoes was approxi- 
mated quantitatively by plating four aliquots of one 
joopfull of the well mixed pulp of each tomato (about 
0.003 ml) on Petri dishes containing yeast dextrose 
agar (YDA), and the number of 
colonies developing on the four samples. 


recording mean 

The Marmand variety of tomato was most commonly 
used, whereas the varieties T'amar, Moneymaker, and 
Early Chatham were included only in limited numbers. 
Most of the tomato fields were located in the vicinity 
of Rehovot and normal, healthy, mature, green or 
colored tomatoes with attached stem were brought to 
the laboratory for immediate analysis. 

The experiments were accompanied by four types of 
sterility controls: 

|. The frequency and identity of air-borne bacteria 
within the transfer room was determined by exposing 
open Petri dishes containing yeast dextrose agar for 
15 min before and after each trial. Between 5 to 14 
colonies developed after such air exposure; of these, 
generally about 3 to 7 colonies were micrococci, 1 to 5 
bacilli, 1 or O corynebacteria or gram negative rods, 
and | to 4 were fungi. Yeasts developed only rarely. 
If the number of colonies in these tests started to 
increase, the working area was immediately redis- 
infected with ultraviolet bactericidal lamps or with 
antiseptic solutions. 

2. The sterility of the peel of surface-disinfected 
tomatoes was determined by incubating 5 to 10 pieces 
of peel from each tomato on Petri dishes with nutrient 
agar. With 93 tomatoes thus prepared at 13 different 
dates, a total of 9 colonies of sporeforming bacilli was 
recorded. In a second experiment 2 such colonies grew 
from the peels prepared from 58 tomatoes. 
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3. The possible infection of the specimens during 
their preparation and handling was determined by 
preparing parallel samples of tomatoes in hermetically 
closed jars autoclaved at 121 C. These were plated and 
incubated on nutrient agar in a manner similar to that 
used for the unheated fruit. On 63 such controls one 
fungus colony was found to grow, apparently an air 
contaminant. 

4. Sterile peptone water was stirred in an open 
sterile jar for 30 sec, the maximal time required for the 
dissection and transfer of the fresh fruits. In 152 such 
YDA slants, prepared invariably after dissection of the 
fresh tomatoes had been completed, microorganisms 
grew on 15 samples; of these 9 were micrococci, 4 were 
bacilli, and 1 a yeast. 

Despite very high precautions, bacteria from sources 
other than the interior of the tomato may have at 
times developed on the specimens. Therefore, results 
are reported as total number of samples showing bac- 
terial growth as well as number of samples after deduct- 
ing sporeformers and all other bacterial types similar to 
those which may be found in the air of the transfer 
chamber. 

The isolates were identified as to genus, according to 
Bergey’s Manual of Determinative Bacteriology (Breed, 
Murray, and Smith, 1957). 

RESULTS 

The incidence of bacterial growth was determined at 
109 dates, between September 1958 and February 
1960 in 1,263 tomatoes. Generally, the pulp of each 
tomato was divided into three or more samples as 
follows: 1 em* was transferred to YDA slants buffered 
at pH 7, and 1 cm* to YDA slants adjusted to pH 9. 
The former attained after addition of the pulp a pH of 
5.5 to 6.0 and the latter a pH of 7.3 to 8.0. A third 
sample of 1 cm* of the pulp was transferred to test 


TABLE 1 


Experiment 


No. | Date No. of sets 
| 

- cea i 1958 105 
i. Sept. 4 to Dec. 3 19 
IT. Dec. 24 to Mar. 2 16 
ILI. | Apr. 20 to June 24 14 
IV. | June 24 to Sept. 21 16 
V Oct. 8 to Nov. 28 10 

1959/ 1904 
VI. Oct. 1 to Feb. 17 34 

Total 109 l 
\ = All bacteria. 


3 = All bacteria excluding sporebearers and other types resembling those which 





No. tested 


264 
177 
91 
179 
94 


158 


, 263 


Frequency of occurrence of bacteria within fresh tomatoes 


Fruits Samples 


Per cent containing 


Per cent containing bacteriz 
ee . bacteria 


No. tested 





A B A B 
33.7 14.0 792 10.0 
44.6 24.8 696 17.4 
48.3 28.5 554 17.5 
51.3 20.1 608 15.9 
28.7 22.3 356 12.6 
41.2 20.0 1,662 25.6 15.8 
$1.2 20.2 4,668 24.4 15.1 

may occur in the laboratory air. 








tubes containing 2 ml 0.15 N potassium bicarbonate 
solution without addition of nutrients. After equaliza- 
tion the pH was about 7.5. In a few instances two 
specimens were prepared with 0.15 N KHCOs;, one 
being frozen for a few hours before storage at about 
—3C. 

Table 1 summarizes the total number of tomatoes 
analysed, the number of samples prepared from these 
fruits, and the frequency with which bacterial growth 
was recorded. Variations in technique, differences in 
maturity of the tomatoes, composition of the nutrients, 
additions of buffers, etc., will be reported subsequently. 

From the data in table 1 it is evident that incidence 
of bacterial growth in healthy, fresh tomatoes is quite 
high. In 101 out of 109 dates of sampling most or part 
of the tomatoes contained bacteria, whereas all tomatoes 
were found to be sterile on the remaining 8 dates. 

Although bacteria were found to grow in more than 
40 per cent of all tomatoes, about 20 per cent of them 
harboured bacterial types not resembling those in the 
laboratory air, 7.e., largely gram negative, motile rods. 
As shown in table 1 the season of maturation of the 
tomatoes had little effect upon frequency of bacterial 
occurrence. 

The effect of the relative maturity of tomatoes upon 
the presence of bacteria is summarized in table 2 which 
shows that bacteria populate green and colored to- 
matoes in similar proportions. 

From the limited data available in table 2 it appears 
that tomato varieties differ as to their bacterial content; 
bacteria were found in tomatoes of Tamar less fre- 
quently than in fruits of the Marmand or Moneymaker 

variety. 

Tomatoes containing bacteria did not differ in either 
appearance, flavor, or acidity from the bacteria-free 
fruits. Skin blemishes on the surface of the fruits were 
not found to affect its bacterial population, as we 
noticed in two experiments where the bacterial content 


TABLE 2 


Relation between maturity of tomatoes and their bacterial content* 


Surface Color of Tomatoes 


Green to yellow Pink to red 


Variety No. of tomatoes No. of tomatoes 
- ‘ Per n Per 
Con- Con- 
at cent <s cent 
OE taining Toc taining 
Tested a Tested ee 
teria teria 
Marmand 492 111 | 22.5 423 89 21.0 
Moneymaker... 24 8 | 33.3 34 6 17.6 
Tamar.. 107 10 | 9.3 62 3 4.8 
Early Chatham. . 24 4/ 16.6 | — — | — 
Total 647 | 133 | 20.5 | 519] 98 | 18.8 


* Excluding sporeformers and other types resembling those 
which may occur in the laboratory air. 
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of tomatoes with brown discolored spots (due t\) hail 
injury) did not differ from that of unblemished | ruits 
The frequency of bacterial growth differed consider. 
ably if the composition of the growth mediun. was 
changed. Table 3 shows the effect of different mecia oy 
the development of the bacteria. 
In tomato pulp incubated without buffers bac’ eria| 


TABLE 3 
Growth of bacteria from tomato pulp transferred on rout] 


media of varying composition 





reer Conta 
Growth Medium after Addi Nov of . 
aoaan Samples 
Pulp No. bi 
1) Yeast dextrose agar slants, 
pH 7.0 5.5-6.0 364 70 | 19.2 
2) Yeast dextrose agar slants, 
pH 9.0 7.3-8.0 364 111 | 30.5 
3) KHCO,; buffer 0.15 n 7.5-8.0 364 94 | 25.8 
4) KHCO; buffer kept at —3 C 
for 5-10 hr 7.5-8.0 166 48 | 28.9 
5) Yeast dextrose agar slants, 
unbuffered ; 1.5 572 80 | 13.9 
6) Nutrient broth, pH 7 : 5.8 70 8 | 11.4 
7) Ashby medium, pH 6.7 6.2 22 1 | ka 
Total 1,922 418 | 21.7 


* Excluding sporeformers and other types resembling those 
which may occur in the laboratory air. 


TABLE 4 
Approximate concentration and identity of bacteria in tomatoes 
with high bacterial count 


Number of Fruits 


Experiment no. 


= Total 
II, IV VI | 
Fruits tested ee 356 458 814 
Fruits containing bacteria als 171 189 360 
Minus air-borne types.......... 80 92 172 
Fruits with high bacterial content: 
colonies/loopful bacteria/cm* 
1-9 330-3000 14 20 34 
10-30 3000-10 ,000 5 4 9 
over 30 over 10,000 10 » | 
Total Eero 29 33 62 
Identity of bacterial types: 
Pseudomonadaceae only..... 22 23 45 
Enterobacteriaceae only .... 4 2 6 
Achromobacteriaceae only... 1 1 2 
Micrococcaceae only. .. 2 1 4 5) 
Both Pseudomonadaceae and En- 
terobacteriaceae. : : 1 — 1 
Both Pseudomonadaceae and Co- 
rynebacteriaceae ea ce — | 2 2 
Corynebacteriaceae only..........; ——- | 1 | ] 
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growth was scarce; incidence of bacterial growth was 
higher in nutrient agar of pH 9 than in the agar which 
had been buffered to pH 7. 

that the tomato pulp itself provides 
sufficient nutrients for the development of the micro- 
organisms, since they developed after dilution with 
hasic buffers even without the benefit of nutrient media. 


It appears 


The time elapsing between incubation and appear- 
anee of the bacterial growth was not uniform. Growth 
appeared generally 2 to 4 days after incubation, but in 
some samples it appeared only after 2 weeks and in a 
few rare instances only about 3 weeks after plating. 
Usually only one type of bacteria grew on each speci- 
men, but at times two to three types developed from 
the same fruit. The 43 most common, gram negative 
isolated the were identified 
according to Bergey’s Manual of Determinative Bacteri- 


strains from tomatoes 
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ology (Breed et al., 1957). Six belonged to the Entero- 
bacteriaceae, 3 Achromobacteriaceae, and the remaining 
34 were Pseudomonadaceae. 

The bacterial content of the 812 tomatoes from 
experiments number IJ, IV, and VI was roughly 
approximated by recording the number of aliquots of 
1 em® in which bacteria had been encountered, as well 
as by plating 4 loopfuls of well mixed pulp from each 
fruit on YDA agar immediately after dissecting. 

Bacteria grew on 360 of the 814 tomatoes and of these 
172 contained nonsporeforming bacteria which do not 
resemble those found in the laboratory air. 

In 59 of these 172 tomatoes, part of the test tubes 
containing 1 em* tomato pulp remained sterile, so that 
the tomatoes probably contained less than 1 bacterium 
per cm*. In 51 tomatoes, bacteria were encountered in 
all test tubes, but colonies did not develop on all 3 to 4 


TABLE 5 


Characteristics of four species of Pseudomonadaceae encountered within tomatoes 


Occur Frequently 


Flagella 
Size in microns. 


1-2 polar 
0.4 to 0.6 by 0.6 to 1.8 


1-2 polar 


nN 


0.4 to 0.7 by 0.7 to 2.0 


Occur Less Frequently 


1-2 polar 
0.3 to 0.5 by 0.6 to 1.2 


Tufts at both poles 
0.7 to 1.2 by 0.8 to 3.6 


(sometimes filaments) 


Surface colonies on agar 


3 days at 30 C. Low, convex, entire, 
glistening surface. 
Yellow (semitrans- 
parent*) 


Diameter of colonies in 


Raised, granular, some 
times irregular, 


Convex, entire, glisten- 
ing. Yellow or lemon 


Raised, crenated, granu 
lar. Yellow-lemon 


wrinkled. Orange 


mm Benne 2-5 1-1.5 1-2 

Broth Turbid with heavy ring. | Turbid with surface pel- | Seanty, turbid with | Secanty, turbid with pel- 
Growth around the licle very thin ring licle 
wall 

Litmus milk Acid, coagulated, strong | Variable with different | No change, later reduc- | At first alkaline, later 
reduction of litmus | strains 

Nitrate reduction. .. = 

Voges-Proskauer test.. + 

Gelatine liquefaction Moderately slow Slow 


Sugars added to organic 
medium: 


Glucose Acid No acid 
Lactose No acid No acid 
Sucrose. . Acid No acid 
Maltose. . Acid No acid 
Mannitol..... Acid No acid 


Characteristics common to all four species: 
Colonies on agar round. 


litmus and 
floceculent precipitate 


tion of becoming acid. Slight 
reduction of litmus on 
bottom of tube 


No liquefaction in 6 | No liquefaction in 6 
weeks weeks 

No acid Acid 

No acid No acid 

No acid No acid 


No acid 
No acid 


No acid 
No acid 





Yellow-orange pigment produced on agar which does not diffuse into medium. 


Optimum temperature 25-30 C. 

Catalase positive. 

Citrate utilized. 

No production of H.S (Kligler iron medium) 
indole not produced. 


“Mucous colonies produced on lactose agar. 
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loopfuls, so that these tomatoes probably contained 
between 1 to 300 bacteria per cm’. 

With 62 tomatoes, colonies grew in each of 3 or 4 
loops and with 19 of them more than 30 colonies de- 
veloped in each loopful as shown in table 4. 


Of the 62 tomatoes rich in bacteria 45 contained 
only bacteria belonging to the 
family (largely Xanihomonas, few Pseudomonas), 6 
contained Hnterobacteriaceae (5 Aerobacter cloacae and | 


Pseudomonadaceae 


Escherichia intermedia), 5 Micrococcaceae, 2 Achromo- 
bacterraceae (Flavobacterium), and 1 Corynebacterium. 
Two of the Enterobacteriaceae formed yellow colonies 
on agar. The cultural characteristics of four of the 
species which were encountered frequently in the to- 
mato pulp are summarized in table 5. 

These four most commonly encountered bacterial 
species appear to belong to the genus Xanthomonas 
according to the addendum in Bergey’s manual, but 
their characteristics cannot be ascribed with certainty 
to one of the previously defined species. 

DiscUSsSION AND CONCLUSIONS 

According to the data reported above, bacteria are 
found quite regularly within the tissue of apparently 
healthy tomatoes. The tomatoes were derived from 
widely differing fields at different seasons of the year, 
and tested by different procedures. Both the origin and 
variety of the tomatoes seem to affect their bacterial 
content appreciably. 

The possibility of infection of the fruit or cultures 
during their handling must Faulty 
technique would seem improbable because the different 
controls showed only a very low incidence of bacteria 
and because the gram negative rods found quite regu- 
larly within the tomatoes were practically never found 
either in the laboratory air or on the surface of the 
fruit after its disinfection. Furthermore, it was shown 


be considered. 


that in some tomatoes the gram negative bacteria were 
quite abundant. 

In spite of the great precautions during selection and 
preparation of the samples and in spite of the limited 
development of air-borne bacteria on nutrient agar 
after prolonged air exposure we have reported sepa- 
rately all those bacterial types which could possibly 
have been air-borne. This, of course, does not imply 
that they may not have been present inside the fruit. 
While the occurrence of bacteria within the fruit appears 
to be thus established, no information is as yet available 
concerning their location, method of entry nor their 
function. 

The natural environment within the fruit does not 
appear to be favourable for bacterial development. It 
has been shown that the natural pH of the tomato 
tissue is below the range favouring the development of 
these bacteria and that the presence of inhibitors may be 
considered. Changes in pH, consistency, and osmotic 
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pressure of the nutrient media, as well as concenti 
and dispersion of the sample, 


ition 
atmospheric condi ions, 
etc., appear to have a marked effect upon bac: eria| 
development. Thus, it is seen that various factors tend 
to limit the development of the bacterial popul:tioy 
within the living fruit, so that the healthy fruit bocly is 
not affected. On the other hand, we may visualise that 
this delicately balanced system may be upset by 4 
change in the physiological condition of the fruit, such 
as by unbalanced nutrition, disease, conditions oj 
storage, or processing. Such changes may then cause y 
sudden surge of bacterial population within the fruit 
even if the fruit surface had not been damaged. 

No theory can be put forward at present as to the 
method of entrance of the microorganisms into the 
fruit tissue. Since the frequency of bacterial occurrence 
does not increase while the tomato changes its color 
from green to red, possible bacterial entrance during 
the latter stages of ripening may be excluded. 
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SUMMARY 


Bacteria are quite frequently present in the tissue of 
normal healthy tomatoes and occur equally in the green 
and red ripe fruits. 

In samples on nutrient media which had been buffered 
to pH 9.0, bacteria grew more often than at pH 7.0. 

The most common bacterial type found within the 
tomato is a motile rod belonging to the family Pseudo- 
monadaceae. 
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Control of aeration has been investigated most fre- 
quently in connection with the cultivation of micro- 
organisms of industrial significance, often using culture 
apparatus of pilot plant or commercial scale. As a result 
most theoretical studies in this area have been de- 
veloped with reference to such systems (Cooper, Fern- 
strom, and Miller, 1944; Hixon and Gaden, 1950; 
Bartholomew et al., 1950; Karow, Bartholomew, and 
Sfat, 1953). A complex interaction of variables is in- 
volved, and the theoretical basis for experimental re- 
sults sometimes remains obscure. Workers in general 
have depended on empirical relationships, defining their 
respective systems in as great detail as possible. 

In many laboratories, controlled aeration in rela- 
tively small culture volumes is becoming an established 
procedure. The theoretical considerations developed 
here for these less complex systems are intended to 
establish a basis for prediction of oxygen availability 
by demonstrating the factors which make significant 
contributions to oxygen absorption rates. 


MATERIALS AND METHODS 


The apparatus used to control gassing rates, shown 
in figure 1, is a modification of one previously described 
in detail (Lockhart and Ecker, 1958). Three of the 
flow meters are equipped with three-way valves and 
individual pressure reducing valves and gauges, so that 
each may be used either off the manifold inlet from a 
compressed air line or independently from any other 
gas source required. The independent systems are con- 
nected to tanks of Ne, Oo, and CO». Gas flowing from 
these three meters may be mixed in a manifold before 
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being led to a single sparger, thus producing any desired 
mixture of these gases. 

The culture vessels, with the exceptions specified in 
table 1, are 1-L Pyrex bottles of 9.6 em inside diameter, 
each containing 500 ml of culture fluid. The surface 


area of the liquid in vessels of this size is 72 _n®. In the 





Figure 1. 
Front view; b. rear view. Commercial components from Brooks 
Rotameter Company, Lansdale, Pennsylvania. A, 1355V flow 
meters; B, 108 HD Imperial 3-way positive shut-off valves; 
C, Kendall M30 gas pressure reducing valves; D, pressure 
gauges; E, outlets for metered gas; F, inlets from individual 
gas sources; G, inlet from compressed air line. 


Photographs of aeration control apparatus. a. 
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experiments reported here, the liquid in the culture 
vessels was a solution of sodium sulfite reagent, and 
oxygen absorption rates were determined by sulfite 
oxidation using the modification of Ecker and Lockhart 
(1959). Aeration experiments were carried out at 37 C. 

Spargers were submerged to their maximal possible 
depth in the culture vessels. Commercial spargers used 
were Pyrex fritted glass gas dispersion tubes of coarse 
porosity. The custom-made sparger used in some ex- 
periments consists of a nylon cylinder attached by 
force-fit to a length of stainless steel tubing. The lower 
portion of the nylon cylinder is machined to a very thin 
wall into which are drilled 16 holes of known diameter. 
A diagram of this sparger is shown in figure 2. 


THEORY 


To be useful, aeration theory should demonstrate 
relationships between oxygen availability (or oxygen 
absorption rates) and the controllable experimental 
parameters. In small, laboratory apparatus it is con- 
venient to consider the volume flow rate of gas (the 
gassing rate) as the primary adjustable variable, al- 
though it will be shown that other factors can also be 
controlled to affect oxygen availability. In this dis- 
cussion, however, all factors except the gassing rate will 
be considered constant in any given expression. 
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Figure 2. Diagram of custom-built nylon sparger described 
in text. 
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We shall be concerned here only with straight-w alled 
vessels of the sizes ordinarily used for laboratory cult. 
vation, into which gas from any source produciig 4 
known gassing rate is introduced through a single 
sparger or bubble tube. Since the liquid depth in such 
vessels is not great, changes in the volume (and, ‘hus. 
surface area) of bubbles and the changes in partial 
pressure through loss of oxygen from bubbles during 
their ascent through the liquid are not considered to }y 
significant. 

Consider a liquid system, such as sulfite solution, in 
which oxygen demand is always greater than the rate 
at which it can be supplied. If we assume, when this 
liquid is in contact with an oxygen-containing gas, that 
the passage of oxygen across the interface is the rate- 
limiting step, then the absolute rate of oxygen ab- 
sorption may be considered dependent only on the gas- 
liquid interfacial area and the rate constant for passage 
of oxygen across the interface. This constant must in 
turn depend on the proportion of oxygen in the gas 
mixture. Therefore 


6 = khAf mn/hr (I 


where 6 is the absolute oxygen absorption rate, /, is 
the oxygen transfer constant in mM/em?/hr, A is the 
interfacial area in em?, and f is the fraction of oxygen 
in the gas mixture; that is, the ratio of the partial 
pressure of oxygen to the total gas pressure. 

In the system under consideration the area, A, is 
the sum of two quantities, a constant value, Ao, which 
is the surface area of the liquid in the vessel, and a value 
A,, contributed by the gas being introduced through 
the sparger: 


cm? (Z 


At any instant there is a given amount of interfacial 
area contributed by the bubbles rising in the liquid. 
Under set conditions this value (A,) is constant, for 
although the bubbles are rising they are being replaced 
at the sparger at the same rate as they disappear at the 
surface. Thus the rate of formation of area due to 
gassing can be shown as: 

(volume/unit time) (area/bubble) 


rate of formation = : 
volume/bubble 


R(4rr’) 
= —— L/em-hr 
4/3rr 








3,000R 


? 


9 
em~/hr (2 


where Ff is gassing rate in L/hr and r is the average 
bubble radius in em. Then the total interfacial area due 
to gassing at any instant will be the rate of formation 
multiplied by the time of ascent (¢) in hours. 

3,000Rt a 


Ag cm (4 
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Combining equations (1), (2), and (4), 
3,000Rt a 
6 = ky fi Ao + mM/hr (5) 

: 


Under most conditions the effects of bubble radius 
and time of ascent cannot be separated experimentally. 
Therefore let 

3,008 
a ae (6) 
T 
Thus far we have considered only bubbles formed at the 
sparger orifice and rising directly to the surface, but 
gassing will also contribute power to the system. Agi- 
tation, the effect of this power input, will serve to cleave 
bubbles, thereby increasing interfacial area, and to hold 
the bubbles below the surface longer than expected. 
In other words, turbulence will tend to increase the 
value of a. So a becomes a function of power, P: 


a =a; + a(P) (7) 


where a is the value of (3,000 ¢/r) under nonturbulent 
conditions. In nonturbulent systems ¢ is a direct func- 
tion of the depth below the surface at which the bubbles 
are released. Therefore, a; equals Bd, where 8 is a con- 
stant which must be determined empirically and d is 
the depth in centimeters. So 


a = Bd + alP) (8) 


Determination of the precise nature of the factors 
contributing to turbulence would be prohibitively diffi- 
cult. However, it is possible to determine the power 
input during gassing and by assuming a relationship 
with turbulence it may be possible to determine the 
effect of agitation on oxygen absorption. Work must be 
done to build up pressure in the gassing system. Or, 
since we are speaking of a constant flow of energy, a 
certain amount of power must be invested to maintain 
the pressure in the system. This energy is given up 
when the pressure returns to normal as gas leaves the 
sparger. Although much of the energy released at this 
time is dissipated as heat, some of it contributes to the 
turbulence of the liquid. If we assume that the relation- 
ship between total power input and power expended as 
turbulence is not altered with changes in gassing rate, 
we can measure the power input and relate it to agi- 
tation. 

If pressure in the system is measured by means of a 
mereury U-tube placed between the 
metering device and the sparger, the pressure is indi- 
cated by the height of the column of mereury. Call this 
height h, in centimeters. The pressure (p) may then be 
expressed as 


manometer 


p = (9.8) (0.0136) h 
0.13 h 


newtons/em? (9) 


where 9.8 is the acceleration due to gravity in m/sec? 
and 0.0136 is the density of mercury in kg/cm‘. 
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The work done in compressing the gas in the system 
is equal to the change in pressure multiplied by the 
volume of gas compressed. We do not know the volume 
of gas in the system but we know the volume com- 
pressed per unit time, for this is the gassing rate. If 
the pressure above the liquid in the culture vessel is the 
same as that on the open arm of the manometer, the 
change in pressure is given by equation (9). 

Thus the power input can be expressed as:' 


P=0.13hR newton-meters/hr 
0.13h (10) 
— bh watis 
3,600 


Although we now know the power input, we have no 
means of describing, from theoretical considerations, 
the relationship between power and oxygen absorption 
rate. It has been assumed that most of the energy put 
into the system will be lost as heat, but the actual 
contribution to turbulence will have to be inferred 
from experimental observations. 

The equations so far developed express absolute rates 
of oxygen absorption, but oxygen absorption rate 
(OAR) is generally expressed on a unit volume basis 
with dimensions such as mM/L/hr. For convenience, 
the final expression therefore becomes 

OAR = at {4g + R[sd + a(P)]} mM/L/br (11) 
where P is the value shown in equation (10) and V is 
the culture volume in liters. 


EXPERIMENTAL RESULTS AND DISCUSSION 


It is noted that the above considerations apply in 
their entirety only to the calibration of aeration appa- 
ratus. The relationships presented may give the maxi- 
mal rates of oxygen absorption (and, presumably, of 
oxygen availability to cultures) under calibration con- 
ditions, but omit the actual rate of intracellular oxygen 
availability to microorganisms in any given cultural 
environment, (inn, 1954; Schultz and Gaden, 1956; 
Phillips and Johnson, 1959). If the proposed theoretical 
treatment is valid with this qualification, however, it 
should be possible to justify the assumptions made and 
to evaluate the proposed constants from experimental 
data. 

In the formulation of the basic relationship expressed 
in equation (1), two assumptions were made: (a) The 
rate-limiting step in oxygen absorption is the passage of 


3 Tf the gas flow measuring device has been calibrated at a 
pressure other than that found in the culture vessel, the meas- 
ured value of the gassing rate must be modified before it can 
be used in equation (10). 


R. = (Po/Pa)R 


where #. = corrected gassing rate, Po = calibration pressure, 
and P, = pressure above the liquid in the vessel. 
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oxygen across the interface. There is some difference of 
opinion among workers in the field as to the validity of 
this assumption for sulfite systems. Finn (1954) dis- 
cusses this question extensively. Because it is not the 
purpose of this paper to defend the merits of the sulfite 
method and there has been no clear-cut evidence to the 
contrary, this assumption is accepted subject to what- 
ever limitations may actually exist. (b) There is a 
linear relationship between the fraction of oxygen in 
the gas mixture and the oxygen absorption rate. The 
validity of this assumption is demonstrated in figure 3. 
These calibrations were conducted using the individual 
metering capabilities of the aeration control apparatus, 
so that the relative proportions of nitrogen and oxygen 
could be varied predictably. Both the slopes and inter- 
cepts of 
2.0:3.5:5.0, which is the ratio of the fractions of oxygen 


these lines are related in the ratio of 


in the gas mixtures used. 

The calibration curves in figure 3 may be used to 
evaluate several of the constants found in the basic 
theoretical expressions. Extrapolation of the lines to 
zero gassing rate provides values, (OAR) , for oxygen 
absorbed through the surface of the liquid in the vessel. 
From equation (11), this value is equal to kifAo/V. 
A number of extrapolations, using the lower curve in 
figure 3 and similar calibration curves at f = 0.2, have 
provided an average value for (OAR)» of 4.5 mm/L/hr. 
Since the other terms are known, /; may be calculated. 

V(OAR)o 
os aaa fAo (12) 
(0.5) (4.5) 
(0.2)(72) 
= 0.16 mm/em?/hr 
This is the oxygen transfer constant, which should be 
the same for any sulfite system. 
Although figure 3 describes the basic relationship, 
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Figure 3. Calibration curves using a fritted glass sparger 
and three different partial pressures of oxygen in the gas 
mixture. 
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the curves shown have limited applicability to ‘he 
theory developed earlier. This calibration was carried 
out using commercial spargers, which cannot be used 
extensively for predictions of OAR. Although they sire 
graded according to porosity, there is a rather wide 
distribution of pore sizes within a given sparger. If gas 
is forced through the sparger at a low rate, only a few 
of the larger pores will be used, producing bubbles of 
maximal size. When gas is fed at a higher rate, more of 
the pores are used and those added are of smaller di- 
ameter than the original few. This causes heterogeneity 
in bubble size and decreases the average bubble di- 
ameter, so that 6 does not remain constant. Figure 3 
suggests this effect at the highest gassing rate shown; 
other experiments have demonstrated its occurrence at 
still higher gassing rates. Predictions of OAR in systems 
using commercial spargers must therefore be limited to 
lower gassing rates, where 8 can be approximated as a 
constant, 

Determinations of pressure in the system at various 
gassing rates indicate that the power input is negligible 
and that it does not change appreciably as gassing rate 
increases. The linear portions of the curves in figure 3 
confirm that there is no appreciable effect from turbu- 
lence at these lower gassing rates. Although is is not 
possible to use commercial spargers interchangeably, a 
straight line can be fitted to individual calibration data 
and 8 can be given an approximate value which is 
characteristic for any given sparger. Thus 6 is a some- 
what more sophisticated approach to the “sparger 
factor” proposed in an earlier paper (Ecker and Lock- 
hart, 1959). 

The curves in figure 3 are of the form y = ax + b, 
where y is the dependent variable, OAR; xv is the inde- 
pendent variable, R; a is the slope of the line; and b is 
the intercept on the y-axis. We have already seen that 
the intercept is equal to kifAo/V. From equations (5) 
(6), and (8), the slope is equal to k,f8d/V. The value of 
d in this calibration was 6 em. Since the actual value 
of the slope can be determined graphically and the 
remainder of the terms are known, 6 can be computed. 
The slope, a, at (f = 0.2) is 1.3 mm/L?. Therefore 


_ aV 
“a ky fd 
(1.3) (0.5) 

= ©2010 ~ ** ben 
Using this particular sparger, the conditions de- 
scribed earlier and gassing rates up to 24 L/hr, OAR is 
equal to 1.3 R + 4.5 mm/L/hr. This is a specific appli- 
vation of the general equation for rate of oxygen ab- 

sorption in nonturbulent systems: 


v1 


ke, 
OAR = y (BdR + Ao) mM/L/hr (14 


Within a certain range, the conditions may be changed 
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and this equation still can be used to make predictions 
of OAR. It is necessary only to adjust the appropriate 
parameters. The value of 8 is known for each sparger, 
k, is a true constant and all the other variables are 
subject to experimental control. But there are limits 
beyond which the relationships in equation (14) may be 
expected to break down. For example, since power is 
distributed on a unit volume basis, in very small culture 
volumes the effect of turbulence, even at low gassing 
rates can no longer be considered negligible. Using a 
single sparger as this system requires errors also would 
be introduced at very large volumes due to inadequate 
stirring. The conditions were defined to include only 
culture vessels of such depth as to allow a negligible 
loss of oxygen from bubbles during their ascent. As a 
rule of thumb in this laboratory, we have considered 
negligible a loss of 10 per cent or less. The average loss 
can be computed from the absolute rate of oxygen 
absorption and the volume flow rate of oxygen (20 
per cent of the gassing rate when using air), remember- 
ing that 1 mM occupies 22.4 cm* at standard conditions. 

We have been considering only those systems in 
which the effect of turbulence is not significant. Since 
it is often impossible to obtain adequate aeration with- 
out having a turbulent system, it is desirable to extend 
these relationships to include such cases. To determine 
the feasibility of such expansion, it was necessary to 
achieve experimental control of all the variables, a 
condition which was not possible with commercial 
spargers. The nylon sparger shown in figure 2 has 16 
holes of uniform diameter (0.01 em). This is near the 
minimal number and size of sparger orifices allowing a 
reasonable gassing rate at the maximal pressure possible 
with this apparatus (10 psig). 

It is readily observed that greater pressures are re- 
quired to maintain higher gassing rates through such a 
sparger. That is, the pressure is a function of the gassing 
rate. Since the pressure and the height (h) of mercury 
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Figure 4. Plot of manometer reading as a function of gassing 
ate using the nylon sparger. 


in a U-tube manometer are related through a constant, 
we can say that h is a function of R. 

To determine the nature of this function it is neces- 
sary only to place a manometer in the system between 
flow meter and sparger and record the height of the 
mercury column at various gassing rates. A plot of such 
data for the nylon sparger immersed in water at a 
depth of 6 em is shown in figure 4. Since the function 
appears to be of the form 


h — ho = kok", (15) 


one can plot log(h — ho) versus log R and determine 
n from the slope of the resulting line and log k». from 
the intercept on the log(h — ho) axis‘ (figure 5). 

The value of n is 2.2 in this case. Other work has 
indicated that this is a true constant for any sparger 
with orifices of uniform diameter. The value of k. need 
not be determined at this time since it will be combined 
with other constants before these expressions are used. 
Therefore the relationship between (h — ho) and R is 

h — ho = kok? em (16) 
Placing this value into equation (10) and combining 
constants, 
0.13k2 R?? 
3,600 — 


P= 


k3R3? watts (17) 


The relationship between power input and OAR may 
be determined from a calibration for OAR in a turbu- 


‘The value ho is the height reached by the mercury column 
before the gas begins to flow and relates to the limiting value 
of the pressure as the gassing rate approaches zero. This con- 
stant pressure does not.contribute to power input and must be 
subtracted as shown. Thus the quantity (h — ho) in equation 
(15) is equivalent to the quantity h in equations (9) and (10). 
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Figure 5. Log-log plot of the data from figure 4 
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lent system. The points in figure 6 show data from such 
a calibration. Note first that the change in spargers did 
not affect the value of (OAR)> (ef. figure 3). From the 
slope of the linear portion of this curve and knowing 
that d is 6 em for this calibration, 8 can be computed 
for this sparger. This value is found to be 0.44 hr-em/L. 
In the systems considered previously this was the only 
constant determined from experimental data. However, 
this calibration includes control of the parameters which 
affect turbulence. It should therefore be possible to 
evaluate the constants necessary for establishing the 
relationship between power input and OAR. This re- 
lationship is responsible for the nonlinearity of the 
calibration curve in figure 6 at gassing rates above 12 
L/hr. 

The simplest assumption would be that a(P) is a linear 
function of P. That is, a(P) = ksP, where P is the 
expression shown in equation (17) and ky, is a constant. 
To test this assumption we can place this value of 
a(P) into equation (11) and check the resulting ex- 
pression against experimental data. Thus 


kif ; a 
OAR = = [Ao + R(@d + kz ky R®*)] (18) 
Rearranging and combining constants, 
ky f » 
OAR = 7 (ks R42 + BdR + Ao) (19) 
Which gives us a general equation of the form 
OAR = rR? + yR + z (20) 


in which y and z are, respectively, the slope and inter- 
cept of the linear portion of the curve in figure 6 (ef. 
equation (14) and figure 3). 
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! Figure 6. Calibration curves using the nylon sparger with 
compressed air (f = 0.2) as the gas source. Points represent 
experimental determinations of OAR at the indicated gassing 
rates. Solid line, calculated curve for nonturbulent conditions; 
broken line, calculated curve for turbulent conditions. 
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Equation (20) may be rewritten as 
log (OAR — yR — z) = 4.2 log R + log x 21 


When the data in figure 6 were replotted with log (OAR 
— yR — z) as one axis and log R as the other, it was 
possible to fit the points to a straight line with a slope 
of 4.2. The intercept of this line with the log (OAR 
— yR — 2z) axis gives the value of log x. Taking the 
antilog of this quantity yielded a value of 1.8 x 10~ 
for x. Therefore, under the conditions defined, 


OAR = 1.8 X 107° R42 + 0.17 R+ 4.5 mu/L/hr (22 


The broken line in figure 6 is a plot of the above 
function, which seems to fit the experimental points 
quite well. 

By factoring equation (22), using the known values 
of all the terms except /s5, we may restore the form of 
equation (19): 


(0.16) (0.2) 


OAR = an [2.8 X 10°R?? + (0.44)(6.0)R + 72] 
wo 


and the value of ks is found to be 2.8 x 10>. 

Irom this more general expression relating OAR and 
gassing rate for the nylon sparger, it should now be 
possible to predict oxygen absorption rates in turbulent 
systems. Table 1 shows the result of such experiments. 
The values found experimentally for OAR 
reasonaby well with those predicted from equation 
(23), confirming the values for the constants 8 and k;. 
Manipulation with f, V, d, R, and Ao is the same in 
this case as in the nonturbulent systems considered 


agree 


sarlier, but the effect of culture volume on turbulence 
is now taken into account and is no longer a limiting 
factor in the accuracy of predictions. However, there 
remain limits beyond which these relationships no 
longer apply. The primary limitation will be significant 
loss of oxygen from the bubbles during their ascent, in 
which case the interface can no longer be considered 
the limiting barrier in oxygen supply. 

Higher values of OAR were obtained in the non- 


TABLE 1 
Comparison of predicted and actual rates of oxygen absorption 
during aeration with the nylon sparger* 


Values of Variablest OAR (mu /L/hr 


Expt — = 
V d Ao f R Predicted | Actual 
I 0.2 7 27 0.2 | a ae | 25.6 
II 0.4 8 44 0.2 24 12 11.6 
Ill 0.8 10 72 0.4 36 26 24.1 
IV 3.0 15 180 0.2 42 6 5.2 


* Actual values for oxygen absorption rate determined by 
sulfite oxidation in straight-walled vessels of various sizes. 

+ V = liquid volume (L), d = sparger depth (em), Ao = 
liquid surface rea (em?), f = decimal fraction of oxygen in 
gas mixture, PR = gassing rate (L/hr). 
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turbulent systems shown than in the turbulent systems 
used, since the nylon sparger was constructed to permit 
control of certain experimental parameters rather than 
to achieve higher rates of oxygen absorption. We de- 
sired to learn what factors affect OAR and how an 
understanding of the interaction of these factors might 
be used to make predictions of OAR in specific culture 
apparatus. The basic relationship illustrated by equa- 
tion (11) and applied to nonturbulent and turbulent 
systems in equations (14) and (19) permits such pre- 
dictions. Determination of the oxygen transfer constant 
ky (0.16 mm/em?/hr for sulfite systems) is possible from 
equation (12); determination of the sparger constants 
is illustrated for 8 in equation (13) and for ks; in equa- 
tions (20 to 23). All other factors used in these ex- 
pressions are subject to experimental control. 

We have not attempted to modify these expressions 
for application outside the conditions initially defined; 
it appears that such attempts would be of doubtful 
value. These relationships are useful in the study of 
laboratory aeration, but large-scale fermentation appa- 
ratus presents problems which properly are the concern 
of the engineer. Many factors which could be simplified 
or ignored altogether under the narrowly confined con- 
ditions specified here assume new importance when 
“scale up” to the pilot plant is contemplated. By 
manipulating variables in the manner suggested, it 
should be possible to achieve rather precise control of 
aeration in the laboratory and to determine optimal 
conditions for most microbiological processes. OAR, as 
determined here, is easily converted to K,a, the measure 
preferred in engineering circles (Finn, 1954). The latter 
parameter can then provide a starting point for carrying 
the fermentation beyond the laboratory stage. 
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SUMMARY 


For culture systems involving laboratory-scale vol- 
umes and aeration through a single sparger, theoretical 
expressions are developed relating rate of oxygen ab- 
sorption with various experimentally adjustable pa- 
rameters, such as gassing rate, culture volume, and 
partial pressure of oxygen. Apparatus used in testing 
these hypotheses is described and the expressions are 
verified experimentally. Use of these expressions for 
predictions of oxygen absorption rates in both turbulent 
and nonturbulent systems is discussed. 
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During the past decade prepared frozen foods have 
increased in popularity to the point where they rank 
first in dollar value and second only to vegetables on a 
tonnage basis among the frozen food categories (Anon., 
1957b). Marketing surveys indicate that prepared 
frozen foods will continue to rise in popularity and 
sales volume (Anon., 1959b). 

Such tremendous growth in a food processing indus- 
try has not been accomplished without encountering 
problems of a microbial nature. A sizable proportion 
of these foods have been found to be highly contami- 
nated (Borgstrom, 1955; Canale-Parola and Ordal, 
1957; Ross and Thatcher, 1958; Holeomb and Weiser, 
1959; Abrahamson ef al., 1959), yet precooked frozen 
foods have been little implicated in food poisoning 
outbreaks. It is the sincere desire of most persons 
associated with the precooked frozen food industry 
that bacteriological problems encountered in the 
preparation and distribution of these products should 
be given the attention necessary to maintain high 
aesthetic standards and a good public health record. 

A complete evaluation of factors which might affect 
the enumeration of bacteria in precooked frozen foods 
is lacking in the literature. Additional studies are 
needed, if the processor is to be expected to maintain a 
product of high microbial quality (Kelsey, 1956), if 
the public is to be given ratings of foods based on 
bacterial analyses (Anon., 1956b, 1958, 1959a), or if 
standards regarding the maximal bacterial content. of 
precooked frozen foods are to be established and 
enforced (Borgstrom, 1955; Anon., 1956a, 1957a; Abra- 
hamson et al., 1959; Kereluk and Gunderson, 1959). 

This report describes attempts to isolate and study 
certain of the more or less subtle (therefore, not com- 
monly recognized) modifications in plating procedure 
which might affect bacterial counts of frozen prepared 
foods. Knowledge of the effects of minor variations in 


' Journal paper no. J-3843 of the Iowa Agricultural and 
Home Economics Experiment Station, Ames, Iowa. Project 
no. 1379. This investigation was supported (in part) by research 
grant no. E-1141 from the Institute of Allergy and Infectious 
Diseases of the National Institute of Health, U. S. Public 
Health Service. 

2? Departments of Bacteriology and Dairy and Food Indus- 


tries. 
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analytical technique become increasingly import:nt 
when rigid standards must be maintained and whien 
determinations must be made in different laboratories, 


MATERIALS AND MertTHODS 


l'rozen chicken pies were selected for most of the 
studies because conscientious 
experience more difficulty in maintaining high bacterial 
standards with this product than with most of the 
other frozen prepared foods, and because chicken pies 


following processors 


were readily available from a variety of sources. Other 
products were examined when it appeared that  prod- 
uct differences might necessitate departure from the 
general methodology. 

Each variable in the methodology will be mentioned 
and discussed in the appropriate section. Unless other- 
wise specified, pies were tempered for 1 to 3 hr at 5 C 
(Ross and Thatcher, 1958), a 100-g sample of the con- 
tents (crust not included: Zaborowski, Huber, and 
Rayman, 1958; Hartman, 1960) was weighed into a 
sterile, tared blender container, 400 ml of sterile dis- 
tilled water were added, the material was homogenized 
for 2 min, then appropriate dilutions were made and 
plated. Total counts were made using Trypticase soy 
agar? and an incubation period of 2 days at 32 C. 
Enterococcus counts were made using the medium of 
Barnes (1956a, b, ¢), however, the incubation period 
was extended to 2 days (Fanelli and Ayres, 1959) and 
the procedure was further modified by inclusion of 
glucose in the basal medium prior to sterilization and 
by the use of poured plates with a sterile agar overlay. 
Red colonies comprised the enterococcus count. Analy- 
ses of variance were made according to Snedecor (1956) 
and the data were tested for significance at the 1 and 
5 per cent. levels. 


RESULTS AND DiIscusstoNn 
Method of sample preparation. Various investigators 
(Jones and Ferguson, 1951; Zaborowski et al., 1958) 
have demonstrated that homogenization of the sample 
is preferable to shaking in bottles with diluent and 
glass beads in preparation of the initial dilution. There- 
fore, this variable was not included in the present study. 


‘ Baltimore Biological Laboratory, Inc., Baltimore, Mary 
land. 
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Effect of sample size. It was found to be more con- 
venient to weigh a sample into a tared blender con- 
tainer, rather than into a sterile bottle with subsequent 
transfer to the blender container, a method used by 
workers (Huber, Zaborowski, and Rayman, 
1958; Zaborowski, Huber, and Rayman, 1958; Holcomb 
and Weiser, 1959). Moreover, it was easier to measure 


some 


a constant weight of sample and to add a constant por- 
tion of diluent, rather than to follow a procedure 
whereby sample weight and diluent added were varia- 
ble. The effect of sample size on percentage of bacterial 
recovery Was examined as the remaining variable in this 
step of the procedure. 

Samples sizes tested included 50 g, 100 g, the con- 
tents from one pie, or a composite sample of the con- 
tents of four pies (Hartman, 1958b). The former two 
samples were taken from the same pies. There were 
12 replications of each treatment. As shown in part 
A of tables 
were not significantly affected by sample size (? = 
().25). 

Kither the 50- or 100-g samples could be conveniently 


1 and 2, total and enterococcus counts 


handled and permitted some choice of selection of a 
“representative”? sample when the pie crust or alumi- 
num foil covering a dinner was removed. The 50-g¢ 
sumple size was most convenient when a variety of 
products was being examined concurrently, since in 
some foods, such as the vegetable portion of dinners, 
100 g of product are not available. Subdivision of the 
sample into smaller pieces prior to disintegration 
(Zaborowski, Huber, and Rayman, 1958) was not neces- 
sary if the food had been tempered. 

Size of initial dilution. Various investigators have 
made initial homogenates of frozen foods at dilutions 
of 1:2 (Fanelli and Ayres, 1959), 1:5 (Straka and 
Stokes, 1957a; Zaborowski, Huber, and Rayman, 1958; 
Hartman, 1958a, 1960) or 1:10 (Canale-Parola and 
Ordal, 1957; Recommended Methods, 1958; Ross and 
Thatcher, 1958; Kereluk and Gunderson, 1959). A lower 
initial dilution than 1:10 would be desirable if the prod- 
uct were being tested for coliform count, where | or 2 
colonies per plate assume considerable import (Hart- 
man, 1958a, 1960). 

A study of the effect of the size of initial dilution on 
the bacterial counts obtained was combined with ex- 
amination of the effect of the type of blender unit on 
bacterial counts (part B, tables 1 and 2). Fifty-gram 
samples were used, so that three dilutions could be 
made on aliquots of the same pies. Dilutions were 
randomly assigned to blender units, so that each dilu- 
tion was replicated 60 times; 15 times in any one of 
four blender units. 

In both the total and enterococeus counts the dilu- 
tions were highly significant (P = 0.01), but the initial 
dilution was confounded with the dilution of the plate 
counted. This arose because the pies used were uni- 
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formly low in count, so that the plates usually counted 
were at dilutions of 1:20, 1:50, and 1:100 for the total 
count and 1:2, 1:5, and 1:10 for the enterococecus 
count, for original dilutions of 1:2, 1:5 and 1:10, re- 
spectively. It would be desirable to repeat this experi- 
ment in such a way that all plates counted contained 
the same final dilution, regardless of the initial dilu- 
tion made. 

In spite of the shortcomings of the experiment as 
run, some comments regarding certain other observa- 
tions are in order. During other studies it was noted, 
more frequently than not, that the next highest decimal 
dilution to an appropriate (countable—30 to 300 colo- 
nies per plate) dilution contained a larger number of 
colonies than would have been expected. An analysis 
was made of 288 samples which yielded a countable 
dilution in the range of 200 to 300 colonies per plate. 
The average of these samples was 241.5 colonies per 
plate; however, the average count of the next decimal 
dilution was 28.0 colonies per plate, or 14 per cent 
higher than would be expected if a straight line, log- 
log function existed between dilution made and count 
obtained. This means that the reduction of the count 
in a frozen food product to the point where the next 
lower dilution must be counted will effect a substantial 
reduction in count due only to inherent fallacy in the 
method of enumeration. 

An initial dilution of 1:2 yielded the highest entero- 
coccus counts, followed, in decreasing order, by dilu- 
tions of 1:10 and 1:5. Significance (part B, table 2) 
was probably obtained because the counts at a dilu- 
tion of 1:2 were substantially higher per gram of food 
than counts at the other two dilutions; counts obtained 
at dilutions of 1:5 and 1:10 were essentially the same. 
No attempt was made to identify the bacteria which 
contributed to the counts at each dilution, but the 
selectivity of the medium may not have been as great 
when 0.5 g, rather than 0.2 or 0.1 g of sample was used. 
In spite of the apparently higher enterococcus counts 
at this dilution, the 1:2 dilution could not be recom- 
mended for routine purposes because it was usually 
quite difficult to pipet. 

Addition of initial diluent. Some workers (Huber, 
Zaborowski, and Rayman, 1958; Zaborowski, Huber, and 

tayman, 1958) have found it desirable to add the initial 

diluent in two stages to facilitate homogenization. Half 
of the initial diluent would be reserved for addition after 
| min of disintegration, then the homogenizer would be 
run | more min. This procedure adds another step to the 
assay when compared to addition of the diluent all at 
once prior to homogenization. Three lots of 24 pies each 
were tested using blending times of 2 min or 1 plus 
1 min. The counts obtained (part C, tables 1 and 2) 
were not significantly different (P = 0.25). 

Duration of homogenization. Straka and Stokes 
(1957a) found that homogenization of samples for 3 








min was adequate to provide a uniform suspension 
which could be readily pipetted, although longer blend- 
ing periods did not alter the counts obtained. Other 
workers have preferred shorter homogenization times; 
usually 2 min. 
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A group of 19 chicken pies were individually homve- 
enized (100-g samples) in a 1:5 dilution. Aliquots of 
the homogenate (10 ml) were removed from the ¢vn- 
tainer at blending times of 1, 2, 3, and 4 min while 


the blender was in motion and were placed into sterile 


TABLE 1 





Analyses of variance: log total counts 





Variable Studied Component 


A. Sample size Sizes 
100 vs. 50 g 
100 vs. 1 pie 
100 vs. 4 pies 
Samples/sizes 
Total 
B. Size of initial dilution Replications (R) 
Dilutions (1 )) 
RX D 
Total 








Degrees of Freedom Sum of Squares Mean Squares 


3 0.0747 0.0250 


See section I for other compo 


nents 


Brands (B) 
Treatments (T) 
BX T 
Pies/B and T 
Total 
Times (T) 
Linear 
Quadratic 
Cubic 
Pies (P) 
je ee ig 
Total 
Times (T) 
Pies (P) 
cxP 
Total 


C. Addition of diluent 


D. Duration of homogenization, 
minutes 


E;. Duration after homogenization, 
minutes, liter container 


Es. Duration after homogenization, | Times (T 


minutes, gallon container | Pies (P) 
Dy ee ig 
Total 


F. Initial diluent | Brands (B) 
Treatments (T) 
BX T 
Pies/B and T 
Total 

G. Subsequent diluent Pies (P) 

| Beads (B) vs. no B 

Diluents (D) 

Bx D 

PB + PD + PBD 

Total 


Pies (P) 

Workers (W) 
Degrees (D) 

wx: D 

| PW + PD + PWD 
| Total 


| Blenders (B) 
| B X Degrees 


| 


H. Shaking 


I. Type of blender unit 


nents 
Brands (B) 
| Containers (C) 
iBxcCc 
Pies/B and C 
Total 


| 
. * ” | 
J. Condition of blender 


+ Significant at the 5 per cent level. 


| See section B for other compo- 


1 0.0052 0.0005 
] 0.0031 0.0031 
] 0.0502 0.0502 
44 3.9817 0.0905 
47 4.0564 0.0863 
14 1.4490 0.1035 
4 1.9728 0.9864* 
154 2.8331 0.0184 
179 6.3054 
2 42.6194 21.3007" 
1 0.0029 0.0029 
2 0.0387 0.0193 
66 4.9638 0.0752 
71 47.6248 0.6708 
3 0.0698 0.0233 
1 0.0001 
1 0.06117 
l 0.0086 
18 2.6405 0.1467* 
54 0.6468 0.0120 
75 3.3571 
4 0.0065 0.0016 
17 0.4165 0.0245 
68 0.2591 0.0038 
89 0.6822 
4 0.0457 0.0114 
10 9.0791 0.9079* 
40) 0.4638 0.0116 
54 9.5886 
> 4 42.6108 21 .3054* 
] 0.2537 0.2537 
2 0.5343 0.26727 
66 4.2169 0.0639 
71 47.6157 0.6706 
23 4.4560 0.1937* 
1 0.0019 0.0019 
2 0.0326 0.0163 
- 0.0316 0.0158 
115 1.7509 0.0152 
143 6.2729 
17 0.4697 0.0276* 
ys 0.0080 0.0040 
l 0.0161 0.0161 
2 0.0108 0.00547 
85 0.1352 0.0016 
107 0.6398 
3 0.0256 0.0085 
6 0.0249 0.0042 
7 140.8496 20.1214* 
1 0.0049 0.0049 
7 0.8697 0.1242 
128 21.3631 0.1669 
14 163.0873 
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Variable Studied 


Sample size 


. Size of initial dilution 


’, Addition of diluent 


. Duration of homogenization, 


minutes 


Duration after homogenization, 
minutes, liter container 


‘». Duration after homogenization, 


minutes, gallon container 


*. Initial diluent 


_ 


. Subsequent diluent 


. Shaking 


. Type of blender unit 


. Condition of blender 


* Significant at the 5 per cent level. 


OF 


TABLE 2 


Component 


Sizes 
100 vs. 50 g 
100 vs. 1 pie 
100 vs. 4 pies 
Samples/sizes 
Total 
Replications (R) 
Dilutions (D) 
RX D 
Total 


See section I for other compo- 


nents 
Brands (B) 
Treatments (T) 
BX? 
Pies/B and T 
Total 
Times (T) 
Linear 
Quadratic 
Cubie 
Pies (P) 
TX P 
Total 
Times (T) 
Pies (P) 
rT XP 
Total 


Times (T) 
Pies (P) 
tx P 
Total 


Brands (B) 
Treatments (T) 
Bx FE 

Pies/B and T 
Total 


Enterococcus counts not made 


Enterococcus counts not made 


Blenders (B) 
B X Degrees 


See section B for other compo- 


nents 


Brands (B) 
Containers (C) 
B<ee 

Pies/B and C 
Total 


7 Significant at the 1 per cent level. 


Analyses of variance: log enterococcus counts 





44 
47 


14 


154 
179 


> N = bo 


18 
54 


75 


17 
68 
89 


66 


Degrees of Freedom 


Sum of Squares 


0. 
0 
0. 
0 


oe 


13. 


18 
33. 
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0981 


.0876 


0385 


.0549 
.4683 
.5664 


4389 


).8110 


.6175 


9634 


.0893 
.0012 
.0430 
.0768 
7.2104 


1611 


.5038 


== 


.0179 
).2424 
.1156 
.2414 
5494 
.9063 


. 1303 
.6803 
.0744 
5.8850 


4.1554 
. 1855 
1785 
7424 
.2618 


cea 


7771 
3187 


2.4280 
.0267 
. 1406 
.3269 


9221 


30 


Mean Squares 


0.0327 
0.0876 
0.0383 
0.0549 
0.1016 
0.0972 


0.9599* 
0.4055t 
0.1209 


32.04477 
0.0012 
0.0215 
0.0466 
0.9466 


0.0537 
0.0631 
0.0028 
0.09537 
0.25027 
0.0292 


0.0289* 
0.24957 
0.0081 


0.0326 
1.63117 
0.0298 


32.07777 
0.1855* 
0.0893 
0.0416 
0.9474 


0.2591 
0.0531 


18.91837 
0.0267 
0.4487 
0.2213 
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test tubes from which plating was performed after a 
1-min period to allow dispersion of air bubbles. Differ- 
ences in the mean counts at the blending times tested 
(part D, tables 1 and 2) were not significant (P = 
0.05); however, if one looks at the components of the 
count vs. the time curve we see that there is, in both 
vases, a significant curvilinear relationship. For blend- 
ing times of 1, 2, 3, and 4 min, respectively, the a 
log total counts were 63.0, 62.5, 64.8, and 63.8, whereas 
the >> log enterococcus counts were 75.4, 74.7, 74.1, 
and 75.6. These unusual curvilinear relationships are 
inexplicable. 

Certain foods, such as frozen cream pies, have a 
tendency to foam considerably when homogenized. 
For these foods, which are already quite well dispersed, 
a 30-sec to 1-min blending time appeared to be suffi- 
cient. Similarly, easily homogenized foods such as 
frozen vegetables only required a 1-min blending period. 
On the other hand, certain untempered foods which 
were frozen very hard, particularly meat patties and 
similar products, sometimes were not completely ho- 
mogenized when a 100-g portion was used in toto and 
blended for only 2 min. In such cases the dual-addi- 
tion system of adding initial diluent, an extended 
period of blending, or division of the foodstuff into 
smaller portions would have facilitated homogeniza- 
tion. None of these procedures seemed to offer any 
advantages over tempering of the sample (Ross and 
Thatcher, 1958) for routine analytical purposes. 

Duration after homogenization. Recommended Methods 
(1958, page 99) states, ‘allow the sample to stand for 
2-3 min (following homogenization) to permit foam to 
subside.”” Samples from each of 18 chicken pies were 
homogenized for 2 min using distilled water as the 
diluent, then were plated at 1, 2, 3, 4, and 8 min follow- 
ing homogenization. No significant difference (P = 
0.25) was noted in total counts obtained at the various 
time periods studied (part I), table 1), but enterococcus 
counts (part Ks, table 2) were significantly (? = 0.05) 
influenced by the time of holding after homogeniza- 
tion. Mean enterococcus counts were constant at tests 
for the first 3 min following homogenization of the 
sample; however, substantial decreases were apparent 
after holding the homogenate for 4 and 8 min. It is 
possible that these decreases would have been much 
less had buffer replaced distilled water as the initial 
diluent (see subsequent, discussion). 

Since the 1:5 dilution used in these studies was more 
viscous than the recommended (Recommended Methods, 
1958) initial dilution of 1:10, one might expect to 
experience difficulty when the homogenate was tested 
before the foam had subsided. Results of the present 
studies indicate that samples not only could be re- 
moved from the blender container very shortly after 
homogenization, but that the samples should be plated 
as soon as possible following homogenization, at least 
if distilled water served as the initial diluent. 
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A similar series of tests (10 replications) was ade 
using composite samples from four pies in a_|-gal 
blender container (Hartman, 1958b). Differences jy 
total or enterococcus counts (part E», tables 1 an: 2) 
due to holding the homogenate before plating, \ere 
not significant (? = 0.25). 

Buffer and beads. Straka and Stokes (1957b) om- 
phasized the importance of using buffer as a dilution 
menstruum. The effect of buffer was studied using 
24 samples of a brand of chicken pie which had con- 
sistently given total counts exceeding 10° per g. ‘The 
homogenate (1:5) was made using distilled water as 
the initial diluent on the premise that the sample itself 
should exert sufficient buffering capacity at this dilu- 
tion to prevent loss of bacterial viability. (The inadvis- 
ability of the above assumption is demonstrated ‘below.) 
Subsequent dilutions of each initial homogenate were 
prepared in distilled water, APHA phosphate buffer 
(Standard Methods, 1953), and 0.1 per cent peptone 
buffer (Straka and Strokes, 1957b). Glass beads were 
used in one set of each diluent, whereas another set 
did not contain added beads. 

Mean counts were essentially the same with either 
buffer, but were about 10 per cent lower when distilled 
water was used as the diluent. These differences (part 
G, table 1) were not significant (2? = 0.25), however, 
the use of distilled water as the initial diluent may have 
introduced some bias. The use of beads in the dilution 
blanks (part G, table 1) did not affect any significant 
difference (P = 0.25) in total count, regardless of the 
diluent used. 

Peptone buffer was compared with distilled water as 
the initial diluent for the examination of three lots of 
24 pies each. Peptone buffer was used in subsequent 
dilutions. The results (part I, tables 1 and 2) showed 
that the sample itself exerted inadequate stabilizing 
action in a dilution of 1:5. Significantly lower counts 
were obtained in both total (? = 0.10) and entero- 
coccus (P = 0.05) counts when distilled water replaced 
peptone buffer as the initial diluent. A_ significant 
brand-buffer effect (2? = 0.05) was also noted for total 
count, but not for enterococcus count. This interaction 
could be attributed to greater percentage loss of via- 
bility of bacteria in a high count brand than in the 
two low count brands examined. 

In spite of the unexpected results obtained in the 
first of the above two series of experiments, it would 
appear to be advisable to use buffer as the initial diluent 
as well as in the preparation of subsequent dilutions. 

Degree of shaking. Recommended Methods (1958, page 
100) calls for the shaking of each container through 
25 complete up-and-down movements of about 1 ft. 
This procedure has probably been “borrowed” from 
techniques used in dairy bacteriology (Standard Meth- 
ods, 1958, page 105). One could hypothesize that such 
vigorous shaking of dilution blanks might not be neces- 
sary subsequent to homogenization of samples because 
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most clumps of bacteria would already be broken up 
to a large extent. A series of 18 chicken pies was plated 
for total count by three different workers. All dilutions 
were made in peptone buffer. Mach sample was plated 
from dilution blanks shaken in the above recommended 
manner. Another set of plates was made from a dilution 
blank which was shaken for only five complete move- 
ments. 

There were significant differences (part H, table 1) 
between workers (2? = 0.10), the degree of shaking 
(P = 0.01), and the worker-degree of shaking (P = 
0.05) interactions. Upon examination of the data, it 
was observed that one worker obtained essentially 
identical mean counts regardless of the extent which 
the blank was shaken. On the other hand, two other 
workers obtained reduced counts on the more vigorously 
shaken samples. Because of these reductions in count, 
more variation between workers was experienced when 
the blanks were shaken 25 times than when the blanks 


were shaken for only 5 times. A lesser degree of shaking | 


than that presently recommended (Recommended Meth- 
ods, 1958) is indicated. 

Type of blender unit. Since studies using different 
blender units were combined with an evaluation of the 
size of initial dilution, some experimental details were 
listed above. Blender units used for these studies were 
two different Waring Blendors,®? and Osterizer,® and 
an Omni-mixer.? A semi-micro blender container was 
used for initial dilutions of 1:2, whereas liter containers 
held the 1:5 and 1:10 dilutions for use with the Waring 
Blendor. The Waring containers were most convenient 
to manipulate. A different size of jar was used for each 
initial dilution made in the Osterizer; half-pint (1:2), 
pint (1:5), and quart (1:10). Pint (1:2 and 1:5) and 
quart (1:10) jars were used with the Omni-mixer. 
Since inexpensive glass jars were used with the latter 
two homogenizers, it was convenient to have a sufficient 
supply on hand so that the sample was weighed into a 
sterile jar, then the homogenizer unit was transferred 
from another sterile jar, switching the jar lids at the 
same time. 

As shown in part I of tables 1 and 2, differences 
among blender units were not significant (? = 0.05), 
nor was the blender vs. dilution interaction. 

Old vs. new blender units. The effect of the physical 
condition of the blender unit was examined during 
the analysis of 18 chicken pies from each of 8 different 


> Waring Blendor models PB-5 (run at high speed only, 
since homogenates made at low speed were difficult to pipet) 
and 700A, Waring Products Corporation, New York, New 
York. 

® Osterizer, model 403, John Oster Manufacturing Company, 
\lilwaukee, Wisconsin. A rheostat was necessary, otherwise 
cceleration was too rapid. 

7 Omni-mixer, 1 to 4,000 rpm, Ivan Sorvall, Ine., Norwalk, 
Connecticut. A rheostat was necessary, otherwise acceleration 
us too rapid. 
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lots. Nine samples from each lot were homogenized 
for 2 min, either in containers which had been recently 
purchased or in units which had received hard use for a 
period of 2 or more years. 

No significant difference (? = 0.25) was noted be- 
tween use of old or new containers (part J, tables 1 
and 2). A brand vs. unit interaction was significant 
(P = 0.10) only for the enterococcus counts (part J, 
table 2), probably because slightly higher counts were 
obtained in 5 of 8 lots of pies examined. The brand 
vs. unit interaction was not significant (P = 0.25) 
in the total counts (part J, table 1), although higher 
mean counts were obtained in six of the eight lots of 
pies. Periodic replacement of blender assemblies seems 
advisable, aithough, on the basis of the mean counts 
observed, the condition of the blender unit was not as 
critical as certain other factors which have been men- 
tioned above. 

Other variables. It should be noted that, in the fore- 
going studies, significant differences might have been 
obtained where no significance was found if larger 
groups of samples had been examined. Nevertheless, 
the results reported herein were obtained using suffi- 
cient samples so that any difference of practical import. 
would have been detected. 

A discussion of the type of medium used, mode of 
preparation of the medium, time and temperature of 
incubation, etc., is beyond the scope of this paper. It 
will suffice to point out that these variables are also 
very important. For example, a group of Trypticase 
soy agar plates from 40 samples were counted following 
1, 2, and 3 days of incubation at 32 C. There was an 
average increase of 260 per cent in plate count from 1 
to 2 days of incubation and an additional 14 per cent 
increase from 2.to 3 days of incubation. The incubation 
period suggested in Recommended Methods (1958, page 
104) seems justified. 
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SUMMARY 


The following factors involved in the enumeration 
of bacteria in frozen foods were evaluated for their 
effect on the plate counts obtained: sample size, size 
of initial dilution, mode of addition of initial diluent, 
buffers vs. distilled water as initial and subsequent 
diluents, use of beads in dilution blanks, duration of 
homogenization, duration of holding the homogenate 
prior to plating, degree of shaking of dilution blanks, 
model of blender unit used, and condition of the blender 
container. The results were subjected to statistical 
analyses and were discussed in the light of their effects 
on plate counts of frozen foods. 
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This paper reports the outcome of experiments to 
determine whether, under commerical conditions as 
applied in Canada, the use of chlortetracycline (CTC) 
as a preservative of poultry meat could be shown to 
have increased the frequency of occurrence within the 
poultry of salmonellae, staphylococci, or of pathogenic 
yeasts. Concomitantly, a study was also made of the 
comparative predominance among CTC-treated and 
nontreated poultry of specific groups of saprophytic 
microorganisms, including the fecal “indicators,” 
Escherichia coli and enterococci. The resistance to CTC 
was determined for all pathogenic isolates and for 
representatives of each group of indicator and spoilage 
organisms. The more resistant of this last category 
were Classified as to genus. 


MATERIALS AND METHODS 


Commercial chickens of broiler size in the form of 
eviscerated carcasses in polyethylene bags or as tray- 
packed ‘“‘cut-up” poultry meat were purchased from 
several retail stores in each of three widely separated 
cities known to be receiving poultry from different 
production areas in Canada. A total of 100 each of 
CTC-treated and nontreated specimens were obtained 
over an interval of several months to accommodate to 
seasonal differences to temperature and to allow for a 
broadly representative sampling. Each specimen was 
divided equally by aseptic methods. One-half was 
examined immediately; the second portion was stored 
in a refrigerator at from 5 to 7 C for 5 days, the respec- 
tive portions being considered to represent “fresh” 
and “spoiling”? specimens. Repulsive odours and surface 
slime were often present among the latter specimens. 

An aliquot of 500 g from each halved specimen was 
cut into small pieces and added to 500 ml of sterile 
distilled water contained in a sterile screw-capped 
Waring Blendor vessel and shaken vigorously for 10 
min in a mechanical shaker. Progressive dilutions of the 
wash-water were prepared from treated and nontreated 
specimens in the fresh and spoiling state, and used 
for the inoculation of specific media for the determina- 
tions described below. Numerical estimates of different 

' Microbiology Section, Laboratories of the Food and Drug 


Directorate, Department of National Health and Welfare, 
Ottawa, Ontario, Canada. 


microbial categories were carried out by customary 
plate-count procedures, using the following specific 
media and incubation times and temperatures as noted: 
(a) Mesophilic plate count: tryptone glucose extract- 
agar (Difco),? 35 C for 48 hr; (b) “psychrophilic” 
plate count: tryptone glucose extract-agar, 5 to 7 C 
for 48 hr; (c) coliforms: violet red bile agar (Difco), 
37 C for 24 hr; (d) staphylococci: mannitol-salt agar 
(Difco), 37 C for 48 hr, followed by determination of 
the proportion that were coagulase positive by the 
tube test using rabbit plasma (Difco) as the test sub- 
strate; (e) enterococci: enterococcus confirmatory agar, 
45 C for 72 hr (Ross and Thatcher, 1958); (f) yeasts: 
Skinner’s (Skinner, 1947) 1 per cent peptone beef ex- 
tract agar with added tartaric acid and glucose. Rep- 
licate specimens in this medium were incubated for 
5 days at each of the three temperatures, 22, 5 to 7, 
and 35 C, to allow the respective enumeration of sapro- 
phytic yeasts of mesophilic and of psychophilic proper- 
ties and of potentially pathogenic yeasts. 

The proportion of coliforms that were FL. coli was 
determined by transfer of inocula from characteristic 
colonies on violet red bile plates to EC broth (Difco) 
which was incubated at 44.5 C in a water bath, followed 
by smearing plates of eosin methylene blue agar with 
specimens ‘from gas-positive tubes and noting the 
appropriate reactions. Some possible degree of error 
from this last step is recognised, but when 12 cultures 
originating in this way were all shown to be E. coli 
type I by IMVIC tests, the potential error was con- 
sidered acceptable for the present purposes, and the 
method saved time as compared with confirmed most 
probable number (MPN) procedures for both coliforms 
and FE. coli. 

Examination for the presence of salmonellae was 
carried out by first centrifuging the residual poultry 
wash-water (about 450 ml) from each specimen at 
4500 rpm for 20 min to separate bacteria from soluble 
food materials (Silliker and Taylor, 1958). After dis- 
‘arding the supernatant, the remaining sediment (1 
to 2 ml) was suspended in 99 ml of selenite F broth 
containing cystine (North and Bartram, 1953) at the 
rate of 10 mg per L and incubated for 18 hr at 37 C. 
The selenite preparation was used to streak plates of 


2 Difeo Laboratories, Inc., Detroit, Michigan. 
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Kauffmann brilliant green, bismuth sulphite, and SS 
agars (all Difco products). After incubation at 37 C 
for 24 hr, representative colonies of those resembling 
Salmonella were used to inoculate tubes of triple-sugar- 
iron and urea agars, and specimens with appropriate 
reactions were purified on plates of MacConkey agar 
and tested on the following sequence of differential 
media: Simmon’s citrate agar, gelatin, tryptone broth 
for the production of indole, and the broths methyl red- 
Voges-Proskauer, dulcitol, lactose, salicin, and sucrose. 
Appropriate cultures were tested with Salmonella poly- 
valent-O diagnostic sera before being typed at the Labo- 
ratory of Hygiene, Department of National Health and 
Welfare, through the courtesy of Dr. E. T. Bynoe. Tests 
for Salmonella were made from 90 nontreated and 80 
CTC-treated carcasses. 

The sensitivity to CTC of all isolates of Salmonella 
and of Staphylococcus was determined by establishing 
the maximal concentration of CTC present in 10 ml 
of nutrient broth that would allow growth in 48 hr 
at 37 C, using 1 loopful of an 18-hr broth culture as 
inoculum. An initial series of concentrations of CTC 
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was established ranging from 7 to 116 ppm at 2-/old 
intervals, the lower concentration being chosen bec: use 
this is the maximal level permitted in or upon pou try, 
Cultures of Salmonella failing to grow in the presenee 
of 7 ppm CTC were retested in a series of descending 
values to 0.10 ppm. 

To estimate the proportion of the respective popu- 
lations of mesophilic and psychrophilic bacteria and of 
yeasts that were resistant to levels of CTC in excess 
of the concentrations permitted in poultry, the series 
of plates designed for enumeration of the various micro- 
bial categories was duplicated but with the addition 
to the respective media of CTC at a concentration of 
7 ppm. 

Colonies representative of the numerically dominant 
bacteria present on plates at terminal dilutions from 
all media used for enumerating purposes were purified 
prior to determination of their individual resistance to 
CTC. Totals of 1,070 colonies from CTC-treated and 
370 from nontreated specimens were isolated in this 
way. The resistance to CTC was determined for each 
culture by the tube method, incubation being at the 


TABLE 1 


Content of specific microbial groups in market poultry, treated and nontreated with chlortetracycline (CTC) and in the “fresh”? and 


“spoiling” condition 


Microorganisms 


Min. 

SPC* (mesophilic) : 

“Fresh’’. 1,500 

“Spoiling ”’ 70,000 
SPC (psyechrophilic) : 

i 3,500 

“Spoiling ”’ 630,000 
Staphylococci (coagulase-positive) : 

“Fresh”’ 0 

‘“‘Spoiling”’ cee 0 
Enterococci: 

“Fresh”’ 0 

“Spoiling” 0 
Coliforms: 

“Fresh” 0 

“Spoiling” 0 
Escherichia coli: 

“‘Fresh”’ 0 

“Spoiling” 0 
Mesophilic yeasts: 

‘“Fresh’’ 120 

“Spoiling” 300 
Psychrophilic yeasts: 

“Fresh”’ 150 

“Spoiling”’ 200 
Potentially pathogenic yeasts: 

“Fresh’’ OF 

“Spoiling” 0 


* Standard plate count. 
7 Absent from triplicate plates at 1:10 dilution. 


CTC-treated 
(100 specimens) 


Microbial Values: No. per Gram 


No CTC 
(100 specimens) 


Max Average Min. Max. Average 
590 ,000 18,000 1,500 210,000 31,000 
580 ,000 ,000 6,656 ,000 1,100,000 62 ,000 ,000 8,894 ,000 
4,700,000 229 ,000 260,000 7,800 ,000 | 853 , 000 
780,000,000 | 120,375,000 15,000,000 | 515,000,000 | 124,620,000 
420 54 0 32 | 8 
2,240 80 0 135 IS 
$20) 48 0 2,350 263 
6,100 622 0 11,200 992 
+, 700 3790 50 2,000 453 
689 ,000 77,000 5,000 510,000 133 ,000 
3,760 300 64 1,600 362 
544,000 61,000 4,000 408 ,000 106 ,000 
8,700 1,382 0 7,100 774 
1,440,000 116,900 0 39 ,500 6,800 
17 ,000 2,802 0 1,250 315 
710,000 119,700 0 17,500 4,275 
0 0 0 0 0 
0 0 0 0 0 
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respective temperatures used during initial isolation 
of each culture. A selection of 170 cultures that proved 
to be the more resistant to CTC within each source 
eategory (including representatives of mesophilic and 
psychrophilic isolates from fresh and spoiling, treated 
and nontreated poultry) were subjected to taxonomic 
determinative tests. The determinations made initially 
were: Gram reaction; motility (a) hanging drop method, 
(b) semi-solid “motility”? agar; flagella stain (Gray’s 
method); the production of acid and/or gas from glu- 
cose and lactose; the reduction of nitrate to nitrite, 
liquefaction of gelatin, and litmus-milk reaction, all 
in accord with standard methods in the Manual of 
Microbiological Methods (SAB, 1957). 

With the results from these determinations, ¢lassifi- 
cation to family and for the most part to genus was 
possible with the aid of Bergey’s Manual (Breed, 
Murray, and Smith, 1957). with identical 
properties at this stage were considered to be of the 


Isolates 


same species. Single representatives of each “species” 
were then subjected to further determinative tests as 
shown to be desirable from the expanded description 
of species within Bergey’s anual: Species names within 
most genera are not offered since comparative studies 
with authentic type cultures were not undertaken. 
Groups of organisms that seemed to be of the same 


species are listed by index number. 


RESULTS 


The numbers of microorganisms recovered from 
poultry wash-water are shown in table 1. The data 
express the respective average values from all specimens 
in fresh and in spoiling condition and treated and not- 
treated with CTC. 

The data in table 1 show that the numerically pre- 
dominant bacteria both in fresh and spoiled poultry 
are of the psychrophilic group. The CTC treated poul- 
try in “fresh”? condition contained psychrophiles and 
mesophiles in the ratio of 12:1. In the absence of CTC 
this ratio was 28:1. The values for both categories of 
bacteria were greater in the untreated specimens, the 
greatest difference being a 4-fold reduction of psychro- 
philes in the presence of CTC. 

CTC was associated with an increase in the numbers 
of yeasts. The psychrophilic yeasts of the CTC-treated 
specimens showed average increments of 9-fold in the 
fresh condition and 28-fold in the spoiling condition, 
as compared with nontreated specimens. No yeasts 
that would grow at 35 C were recovered, from which 
it is concluded that yeasts pathogenic to man were 
not present in significant numbers. 

The data expressing the prevalence of bacteria of 
possible public health significance are also shown in 
table 1. Staphylococci were present in relatively low 
numbers and increased very little during storage, either 
in the presence or absence of CTC. The maximal num- 
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ber present in a treated specimen in ‘fresh’? condition 
was 420 per g. The stored half of the same carcass at 
time of spoilage contained 2,240 per g. 

Knterococci were common, but during storage they 
multiplied slowly. The average values increased during 
the 5-day storage period from 48 to 622 per g in the 
presence of CTC; from 263 to 992 per g in the absence 
of CTC. 

Coliforms multiplied substantially during storage. 
Initial average numbers were 375 and 453 per g in 
CTC-treated and nontreated specimens, respectively. 
Comparable values were 77,000 and 133,000 per g 
after storage. The numerical estimate for coliforms 
was equivalent to 2.1 per cent of the total population 
of mesophilic bacteria in treated fresh specimens, and 
1.4 per cent in nontreated specimens. After sp ilage, 
this proportion remained similar at 1.2 per cent in 
both treated and untreated specimens. Eighty per cent 
of all coliform colonies selected from violet red bile 
agar were shown to be £. colt. 

As shown in table 2, from carcasses in the “fresh” 
condition, Salmonella was isolated from 14 nontreated 
specimens and from only 1 treated specimen. (Two 
serotypes were isolated from a single nontreated car- 
cass.) Recovery of Salmonella in the spoiled condition 
was limited to two untreated carcasses. Four different 
serotypes were recognised: S. gallinarum, S. typhimu- 
rium, S. oranienburg, S. indiana. It is of interest to note 
that the isolation of S. indiana from 4 carcasses repre- 
sents the first record of the presence of this serotype 
in Canada. 

All Salmonella isolates grew in broth containing 
0.21 ppm CTC, but none grew at a concentration of 
0.45 ppm. 

The comparative plate count values for treated and 
nontreated specimens in the ‘‘fresh” and “spoiling” 
condition using standard media and media containing 
7 ppm CTC are listed in table 3. The tabulated per- 
centages of the respective bacterial populations resist- 
ant to 7 ppm demonstrate a progressive selective 


TABLE 2 
Tsolation of Salmonella from market-poultry treated and ‘non- 
treated with chlortetracycline (CTC) 
No. of Specimens Yielding 


Salmonella (from 90 Treated, 
80 Nontreated Chickens) 


Salmonella Serotypes Isolated — 
vE CTC-treated 


No CTC 
“Fresh” “peat “Fresh” Fo 
S. gallinarum ; 0 0 ] 0 
S. typhimurium. sah 0 0 i 0 
S. oranienburg 5 1 0 5 1 
S. indiana 0 0 4 1 
Total recovery... ers 1 0 14 2 
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action by the CTC in favouring the multiplication of 
CTC-resistant bacteria. In the fresh condition, 6 per 
cent of the total mesophilic plate count was resistant 
to CTC in both the treated and nontreated specimens. 
In the spoiled condition, these respective values were 
19 and 4.2 per cent. The proportion of resistant “‘psy- 
chrophilic” bacteria recovered from treated specimens 
increased from 18 to 35 per cent during the 5-day 
storage period, the average numbers at the two stages 
being, respectively, 42 X 10° and 43 X 10°. The resist- 
ant proportion of the psychrophilic population among 
the nontreated specimens was 0.7 per cent when fresh 
and 1.8 per cent when spoiling. 

‘( The comparative resistance of micrococci, coagulase 
positive staphylococci, enterococci, EL. coli, and of the 
numerically dominant organisms recovered from an 
agar medium containing 7 ppm CTC is shown by the 
data in table 4. The data express the numbers of or- 
ganisms among those tested that were able to grow 
in the presence of progressive levels of CTC. 


AND A.,LOIT 
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Resistance among the micrococci and staphylovocej 
from poultry of either treatment was limited to 7 pm, 
a total of 5 cultures from the 130 tested having beey 
found at this level. Most of the enterococci from treated 
specimens, whether in the fresh or spoiling state were 
resistant to 28 ppm. Among the nontreated speci:nens 
a smaller proportion of these organisms were resistant 
and to a maximal value of 14 ppm. The frequency of 
resistance among isolates of EF. coli arising from treated 
poultry was noteworthy. Only 6 of 110 cultures of 
E. coli from ‘fresh’ treated specimens were resistant 
to 28 ppm; 69 of 78 were resistant to this level at time 
of spoilage. From spoiled nontreated specimens only 
1 culture of the 20 tested was resistant to 7 ppm. 

The data in table 4 also shows a selectivity for resist- 
ant strains of both mesophilic and psychrophilic spoil- 
age organisms, although this seems to occur also, but 
to a less degree, in the absence of CTC. From the 
“spoiled”’ state, 1 of 24 cultures tested from nontreated 
specimens was resistant to 112 ppm; 10 of 75 from 


TABLE 3 
Comparative numbers of chlortetracycline (CTC) -resistant spoilage bacteria on CTC-treated and nontreated market poultry, in 
the ‘‘fresh”’ and ‘“‘spoiling’’ condition 


Bacterial Category 


Total plate 


count 
Mesophilic plate count: ‘‘fresh’’ 17.6 
Mesophilic plate count: ‘‘spoiling”’ 6,656 
Psychrophilice plate count: ‘‘fresh”’ 229 


Psychrophilice plate count: ‘‘spoiling”’ 120,375 


* Resistant = able to grow on agar containing 7 ppm CTC. 


Bacterial Content: Average No. per Gram (X 10*) 


CTC-treated No CTC 
Resistant* Per cent Total plate Resistant Per cent 
plate count resistant count plate count resistant 
1.1 6 31.1 1.8 6 
1,317 19 8,894 377 ‘2 
42 18 853 6.9 0.7 
43 3438 35 124,620 2,321 1.8 


TABLE 4 


Comparative sensitivities to chlortetracycline (CTC) of bacteria isolated from CTC-treated and nontreated poultry 





No. of Cultures Showing Growth in Broth Containing Specific Levels of CTC (ppm 


Microbial Category and Source 


0 7 
Micrococei (‘‘fresh’’*) 87 43 
Staphylococcus aureus (‘‘fresh’’) 12 l 
Enterococci (‘‘fresh’’) 52 48 
Enterococci (‘‘spoiled’’) 20 20 
Escherichia coli (‘‘fresh’’) 110 35 
Escherichia coli (‘‘spoiled”’) 78 69 
SPCt 35 C (‘‘fresh’’) 96 75 
SPC 35 C (‘spoiled’) 96 64 
SPC 5-7 C, (“‘fresh’’) ; (62 7 
SPC 5-7 C, (‘‘spoiled’’) 75 25 
Yeasts, 5-7 C (‘‘fresh’’) 50 50 
Yeasts, 5-7 C (‘“‘spoiled’’) 50 50 


CTC-treated No CTC 
i4 28 56 112 0 7 14 28 56 112 
0 0 0 0 30 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 
48 48 0 0 25 ) 20 0 0 0 
20 20 0 0 12 11 11 vd 0 0 
35 6 0 0 30 2 0 0 0 0 
69 69 0 0 20 1 0 0 0 0 
62 12 12 12 24 7 6 0 0 0 
56 24 24 24 24 10 10 8 1 l 
5 5 5 3 24 14 10 0 0 0 
20 15 10 10 24 16 8 5 2 1 
50 50 50 50 50 50 50 50 50 50 
50 50 50 50 50 50 50 50 50 50 


* “Fresh” and ‘‘spoiled’’ refer to the respective conditions of the poultry at time of examination. 


7+ SPC refers to numerically dominant bacteria from standard plate count media containing 7ppm CTC. 
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treated specimens were resistant to this level. All of ant organisms present among spoiled, nontreated 
the 200 yeast cultures tested were resistant to greater specimens and allocated to the various genera were: 
than 112 ppm. Pseudomonas 62 per cent, Achromobacter 27 per cent, 

Table 5 lists the genera and the numbers of the vari- Alcaligenes 11 per cent. The comparable values from 
ous “species” groupings represented among the selected treated specimens were 36, 59, and 2.6 per cent, re- 
CTC-resistant spoilage bacteria, and records also the spectively, suggesting that the CTC treatment exerted 
maximal level of CTC tolerated within each “species.” a selective effect favouring the multiplication of Achro- 
Nine species-groups were allocated to the genus Pseu- mobacter during storage. The specific resistance data 
domonas, three to Alcaligenes, eight to Achromobacter, in table 5 show that the highest degree of resistance 
three to Flavobacterium. The rest were common mem- within the cultures of a particular “species” occurred 
bers of Escherichia and Aerobacter. in isolates from the CTC-treated poultry among 12 

The percentages of the numerically dominant resist- of the species, and from nontreated specimens in 2 


TABLE 5 


Chlortetracycline (CTC)-resistant spoilage bacteria isolated from commercial poultry treated and nontreated with chlortetracycline 








No. of Cultures Isolated from Specific Sources eS 


Genera and “‘Species’’ Groups 








CTC-treated Nontreated | 
TN a ———————_| CTC-treated Non-treated 
Fresh Spoiled Fresh Spoiled 

Pseudomonas ‘‘species”’: 

I 1 3 5 28 56 

2 2 1 2 — 28 28 

3 - 1 7 — 56 

{ 9 } — 3 28 112 

5 l l — — 28 oe 

6 2 3 2 _ 56 14 

7 1 5 5 7 112 28 

S 2 - — | 14 — 

9 ee eri - — 1 — 28 
Alcaligenes ‘“‘species’’: 

l 2 5 2 14 14 

2 1 ~ 2 56 28 

3 one 1 1 — | 56 14 
Achromobacter ‘‘species’’: 

l 1 3 “= 1 112 28 

2 4 6 -- | 2 112 28 

3 3 - 112 28 

{ 3 1 1 — 56 7 

5 5 9 1 6 112 28 

6 1 2 — 28 14 

7 — 1 — 112 

S 3 - - 112 - 
Flavobacterium ‘“‘species”’: 

I 2 — - a 

2 - 1 | — — 7 

3 : - 2 | -- — 14 
Escherichia freundii 3 : 1 ~ 112 7 
Escherichia coli 2 3 —= 28 28 
Aerobacter aerogenes me 1 3 — 56 14 
Aerobacter cloacae ree — 2 — — 28 
Total Determinations | 

Pseudomonas : 18 (43)* 14 (36) 13 (35) 23 (62) 

\lealigenes.... 3 (@) 1 (2.6) 6 (16) 4 (11) 

\chromobacter : 16 (38) 23 (59) 4 (11) 10 (27) 

Flavobacterium. .. ; - — & (13) oa 

Escherichia. . 5 (12) — 4 (11) — 

Aerobacter . .. ; - 1 (2.6) 5 (13) — 

42 39 37 37 


* Figures in parentheses are percentages of the total from each source. 
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instances. This points both to selection of resistant 
organisms and an increase in the level of resistance 
as a result of treatment, but shows also that highly 
resistant organisms were present in the absence of CTC. 


DISCUSSION 


It is recognised that the conclusions to be deduced 
from the present study might be subject to modifica- 
tion if a more extensive sampling had been practicable. 

The data presented in this paper reveal no evidence 
to suggest that the commercial use of CTC for the 
preservation of poultry under Canadian conditions has 
contributed in any way to increased risk of food-poison- 
ing or of exposure to pathogenic yeasts. Njoku-Obi 
et al. (1957) reported the’ presence of a possible patho- 
gen, Candida parapsilosis, from CTC-treated poultry, 
but our negative findings are in accord with Walker 
and Ayres (1959). Salmonellae were recovered from 
nontreated and treated chickens in the ratio of 14:1, 
respectively, and none of the 15 Salmonella isolates 
were resistant to CTC at the level of 7 ppm. The fact 
that salmonellae were recovered much more frequently 
from poultry in the fresh as compared with the spoiling 
condition whether CTC-treated or not, suggests that 
poultry under refrigerated conditions do not offer an 
environment favourable to multiplication of Salmonella. 
The psychrophilic bacteria and yeasts are destined to 
become dominant. 

Because coliforms multiplied substantially, the argu- 
ment might be advanced that the method used failed 
to recover Salmonella from spoiled specimens because 
of the presence of large numbers of coliforms, a familiar 
difficulty. However, coliforms were present in similar 
numbers in treated and nontreated specimens. Hence, 
it seems probable that under normal conditions of 
Canadian marketing of CTC-treated poultry (packed 
in chipped ice during transport and continuously re- 
frigerated in retail stores) the observed reduction in 
frequency of isolation of Salmonella from CTC-treated 
chickens is due either to competitive activity of the 
selectively favoured flora or to destruction of the sus- 
ceptible Salmonella by the antibiotic, per se. It would 
appear that the emergence of CTC-resistant Salmonella 
(Huey and Edwards, 1958) has not occurred among 
Canadian poultry with sufficient frequency for its de- 
tection by the sampling reported herein. 

No significant change was demonstrated in the nu- 
merical prevalence of coliforms, enterococci, or of 
coagulase positive staphylococci as a response to the 
use of CTC. 

CTC-treatment, however, with a 
higher proportion of resistant enterococci and of E£. coli 


was associated 
and with an increased level of resistance among both 
organisms. Elliott and Barnes (1959) have shown the 
selection of antibiotic-resistant serotypes of Streptococ- 
cus faecalis in response to dietary CTC, but Goldberg, 
and Lanning (1959) state that low-level 


Goodman, 
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feeding of CTC to laboratory mice did ‘not cause 
detectable emergence of resistance by coliform b:e- 
teria.’’ Addition of CTC to an enclosed enteric popula- 
tion in vivo may not be comparable in effect to its 
superficial application, but resistant coliforms were 
present in untreated poultry, which may have resul‘ed 
from the common practice of dietary use of CTC for 
poultry or from the establishment of these organisms 
in processing plants that used CTC intermittently 
(some plants use CTC only for poultry offered for 
“week-end” sales). Our data point to a selective favour- 
ing of resistant strains during storage of treated poultry 
in accord with the opinion of Walker and Ayres (1958) 
and as previously postulated by Morrell and Thatcher 
(1957) and by Thatcher (1958). . 

The observation of Gale and Hall (1959) that ‘“sub- 
maximal levels’? of CTC “markedly inhibited growth 
of psychrophilic pseudomonads”’ seems to be confirmed 
in part by our finding that the resistant pseudomonads, 
numerically dominant in ‘‘spoiled”’ untreated poultry, 
were less numerous than resistant Achromobacter species 
in their CTC-treated counterparts. 

Nagel ef al. (1960) did not find such an effect asso- 
ciated with the use of oxytetracycline as a preservative 
for poultry. Ng et al. (1957) report the prevalence of 
resistant spoilage bacteria upon chickens processed in 
the presence of CTC. 

At time of spoilage the average increment of psy- 
chrophilic yeasts in the presence of CTC was 50-fold 
greater than in the untreated specimens. 

The differences observed between the average values 
for the various microbial categories enumerated from 
“fresh”? and “spoiled”? poultry are probably minimal 
due to the fact that some of the so-called ‘‘fresh”’ speci- 
mens were approaching spoilage at time of purchase. 


SUMMARY 


A comparative bacteriological examination of poultry 
treated and not treated with chlortetracycline (CTC) 
and purchased retail in Canada established a selective 
development during storage of CTC-resistant spoilage 
organisms and particularly of psychrophilic bacteria 
and of yeasts. 

No data to indicate an increased health hazard as a 
result of the use of CTC as a poultry preservative were 
obtained. No evidence was revealed for modification 
of hazard due to the presence of staphylococci, entero- 
cocci, coliforms, or pathogenic yeasts. The recovery of 
Salmonella was markedly reduced in the presence of 
CTC. Salmonellae resistant to greater than 7 ppm 
CTC were not found among the 15 cultures isolated 
from a total of 170 carcasses. 
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The increasing use of gaseous sterilization (Nordgren, 
1939; Salle and Korzenovsky, 1942; Ingram and Heines, 
1949; Phillips, 1949; Kolb and Schneiter, 1950; Lo- 
grippo et al., 1955; Newman, Colwell, and Jameson, 
1955; Hoffman and Warshowsky, 1958) has called 
the attention to. the need for a uniform, reproducible 
procedure to investigate the antimicrobial activity of 
gaseous agents. The classical methods for testing dis- 
infectant activity are designed for aqueous agents and 
thus do not give adequate consideration to some of the 
factors involved in gas exposure techniques. The cri- 
terion used for measuring the effect of a gas or gases 
on organisms should be a reproducible function of the 
concentration and duration of exposure. 


This work was supported by a research contract with the 
Air Pollution Medieal Program, Public Health Service, U. 8. 
Department of Health, Education and Welfare. A preliminary 
report is as presented at the 59th general meeting of the Society 
of American Bacteriologists, St. Louis, Missouri, May 1959. 


Apparatus to study this has been designed and tested. 
The technique requires exposing a thin layer of or- 
ganisms collected on Millipore filter paper to the gase- 
ous agent, transferring the bacteria to the growth 
medium, and determining the growth lag by change 
in optical density. 


MATERIALS AND METHODS 


Apparatus for exposure of organisms to gases. Figure 
| is a diagrammatic drawing of an all glass chamber 
for single filter exposures. It is made from a Pyrex 
Petri dish (100 by 15 mm) with a 7 mm outside di- 
ameter tubing fused into the base. A 12/5 socket con- 
nects to the gas line and an equal orifice quadruple 
outlet, blown inside the base, provides uniform dis- 
persion of the gases. Imperfections in fit of the Petri 
dishes suffice to provide an exit for the gases. 

Figure 2 is a diagram showing a cross section of 
the multiple (4 filters) exposure chamber. It is con- 
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structed of stainless steel (diameter, 654 by 1% in.) 
with a gas inlet tube (diameter, 54g in.) at the top 
of which the exposure plugs are seated. The plugs are 
made from 1-in. thick Bakelite plastic (outside diameter 
25¢ in.). The first offset is 34 in. from the bottom and 
the diameter is 2'4 in. This serves as a seat or rest on 
top of the chamber. The second offset is 349 in. from 
the bottom and the diameter is 17 in. Sixteen small 
holes (4g in.) are drilled entirely through the plugs 
along this edge and serve as an outlet for the gases. 

The inlet tube is 34-in. diameter Bakelite plastic 
about 31 in. in length, with a 54¢-in. hole drilled up 
to the four !4¢-in. orifices through which the gas enters 
the chamber. The upper end is threaded about 4 in. 
to fit into the plastic baffle and 11% in. at the lower end 
for screwing into the chamber and to permit sealing a 
glass tube with a 12/5 socket joint into it for connecting 
to the gas train. A rubber ring insures a tight seal. 
The entire chamber can be disassembled for cleaning 
and can be sterilized. 

Apparatus for growth and absorbance measurement of 
organisms on Millipore filters (figure 3). This is a two 
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Figure 1. Petri dish exposure vessel 
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Figure 2. Multiple exposure chamber. 
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piece Pyrex glass vessel with a 45/50 standard t:per 
joint. The lower half has both a diameter and a he: ght 
of 2 in., and is designed to hold a Millipore filter, up 
to 10 ml of culture medium, and be shaken in a Duboff 
shaker without wetting the vent plug or splashing on 
the upper half. A vent and a matched cuvette (13 by 
100 mm) are sealed into the cover or upper half. Opt ical 
density readings are made by inverting the entire vessel 
in the plane and side away from the vent. 

Apparatus for metering and mixing gases. The gas 
train used for metering and mixing of the gases js 
shown in figure 4, using ethylene oxide and carbon 
dioxide as an example. The flow rates were 10 and 190 
ml per min, respectively, through separate flow meters 
no. o8I*-1/16-16- and no. ol N-150-A.2 Methyl bromide- 


2 Fischer and Porter Company, Hatboro, Pennsylvania 
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Figure 3. Growth and absorbance vessel 
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Figure 4. Apparatus for production of gas mixture 
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air, and nitrogen dioxide-air mixtures were similarly 
prepared. The gases were led through two concentric 
inlet tubes (3 mm and 8 mm diameters) into a 500-ml 
mixing flask. Back pressure was avoided by making 
the inner tube 23 mm shorter. The gas mixture then 
entered the 5-L equilibration flask and from thence 
into the exposure chamber. 

The gaseous formaldehyde was prepared by bubbling 
commercial compressed air, at a flow rate of 100 ml per 
min, through 35 ml of formalin (36.3 per cent) contained 
in a 150-ml round bottomed flask. The air-formalde- 
hyde mixture was passed through a trap to prevent 
entrainment of liquid aerosols and finally equilibrated 
as usual. 

The formaldehyde-gas mixture was analyzed by the 
method of Tanenbaum and Bricker (1951), whereas 
the other gas mixtures were analyzed by gas chromatog- 
raphy. All work on the gases was done at room temper- 
ature (25 C). 

Cultures and media. Escherichia coli strain K-12 
(ATCC 10789) was used primarily as the test organism. 
The composition for the mineral glucose medium is 
as follows: NH4Cl, 2 g; NasHPO,, 6 g; KH2POx,, 3 g; 
NaCl, 3 g; Mg (as MgCl), 0.010 g; S (as NaSO,), 
0.026 g; glucose, 5 g; and distilled water, 1 L. For 
slants and plates, agar is added. 

Other testing organisms, Bacillus cereus, Bacillus 
megaterium, Bacillus licheniformis, and Staphylococcus 
aureus Were grown, harvested, and resuspended in the 
same way except Trypticase soy medium (BBL)* was 
used. 

The 18-hr culture was removed from a mineral glu- 
cose agar slant with saline. The organisms were washed 
once with saline, centrifuged, and resuspended in saline 
to 0.06 optical density with a 660 muy filter (Klett and 
Summerson photoelectric colorimeter). Seven milli- 
liters of the suspension were delivered to a sterilized 
Millipore filter paper (HA 047 mm).® The suspension 


’ Baltimore Biological Laboratory, Inc., Baltimore, Mary- 
land. 

‘Klett Manufacturing Company, New York, New York. 

> Millipore Filter Corporation, Watertown, Massachusetts. 


TABLE 1 
Reproducibility of Millipore filter technique 


Air Exposed 


Time 1 2 3 meet 
OD* OD OD 
min 
0 0.112 0.112 0.112 0.106 
30 0.156 0.178 0.174 0.172 
60 0.260 0.284 0.274 0.262 
120 0.478 0.524 0.496 0.468 


Optical density. 
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was added slowly to avoid any loss of organism due to 
spattering or upward fluid surges. A Pyrex glass filter 
funnel and fritted glass base were used. Water suction 
with a negative pressure of 30 mm mercury, as measured 
by an attached manometer, was applied. The uni- 
formity of this slight suction is essential to hold an 
even amount of moisture in the pad as well as to avoid 
excessive adhesion of the bacteria to the filter. The 
suction was stopped immediately after the filtration 
is completed so that the organisms could subsequently 
be quantitatively removed. 

The organisms, after spreading out on the Millipore 
filter paper, were transferred together with the filter 
pad to the Petri dish top (single exposure) or the Bake- 
lite plugs (multiple exposure). Two-tenths milliliter 
of saline suffices to hold the filter and pad on the plug 
of Petri dish top for about 1 hr. More saline may be 
used if longer exposures are desired. 

The gas train, including the exposure chamber with 
four blank plugs, but without Millipore filters, was 
equilibrated for approximately 2 hr prior to starting 
an exposure. This permits more precise regulation 
of flow and gas analyses. At the starting time, organism 
laden filters on separate Petri dish tops or Bakelite 
plugs were interchanged with the blanks. 

Following exposure, the Millipore filter without the 
pad was washed. Because of the varying water solu- 
bility of different gases as well as the different exposure 
times, it was felt that more uniform results would be 
obtained by introducing two 10-ml aliquots of saline 
washing following exposure. Such large volumes may 
not always be required. The washing was done in the 
funnel in the usual manner except for a rubber ring 
inserted between the filter paper and the filter funnel 
to prevent it from touching the organism. The inner 
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Figure 5. Inhibition of growth of Escherichia coli after ex- 
posure to ethylene oxide-carbon dioxide mixture for varying 
time intervals. Aliquots from the same batch of cells are used 
for each curve. Viable count before exposure = 2.5 X 108 per 
ml. Concentration (c) = 2 mm per L; time (¢) of exposure is in 
minutes. 
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diameter of the rubber ring is slightly greater than the 
diameter of the layer of bacteria. Care must be exer- 
cised in the placement of the filter and the ring to avoid 
touching the organism with a consequent loss. Since 
the objective has been to place and retain the organisms 
on the filter, the flow of wash solutions has been main- 
tained as nearly as possible equal to the flow of filtrate 
by suction. 

The filter then was transferred to the lower half of 
the growth-absorbance vessel, and 7 ml of glucose- 
mineral medium were added. The vessel was closed 
and shaken for 14 min to wash the bacteria from the 
filter, inverted, and the initial optical density was 
read. The filter remained inside the vessel throughout 


Tr 


OPTICAL DENSITY 











0 2 4 6 8 10 12 14 
TIME IN HOURS 


Figure 6. Inhibition of growth of Escherichia coli after ex- 
posure to formaldehyde-air mixture for varying time intervals. 
Viable count before exposure 6 X 107 per ml. Concentration 
(c) of formaldehyde = 0.137 mm per L; time (¢) of exposure 
is in minutes. 
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Figure 7. Inhibition of growth of Escherichia coli after ex- 
posure to methyl bromide. Viable count before exposure = 
6 X 107 per ml. Concentration (c) of methyl bromide = 2 
mm per L; time (¢) of exposure is in minutes. 








the experiment. Preliminary experiments showed hat 
this initial optical density was the same as _ be ore 
filtering, 7.e., 0.06 at 660 my. The vessel was incub: ted 
and shaken at 37 C in a Dubnoff® metabolic shai ing 
incubator. Optical densities were read every 30 inin 
at the same wave length. 


§ Precision Scientifiie Company, Chicago, Illinois. 
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Figure 8. Comparison of inhibition of growth of several or 
ganisms after 1 hr. exposure to ethylene oxide-carbon dioxide 
mixture (¢ X ¢ = 120). Viable counts on aliquots of unex 
posed starting suspensions of the same optical density: Fs- 
cherichia coli 212 X 10° per ml; Bacillus licheniformis 212 X 10 
per ml; Bacillus megaterium 1.0 X 106 per ml; Bacillus cereus 
7.0 X 10° per ml. 
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Figure 9. Comparison of inhibition of growth of several or- 
ganisms after exposure to formaldehyde-air mixture (c X /, 
2.74). Viable counts on aliquots of unexposed starting suspen 
sions of the same optical density: Escherichia coli = 2.2 X 105 
per ml; Bacillus megaterium = 5 X 10° per ml; Bacillus lichen: 
formis = 6.7 X 107 per ml; Staphylococcus aureus = 1.2 X 
108 per ml. 





1961 | 


Pri 
micro 
to kn 


CONCENTRATION X EXPOSURE TIME 


Fi 
Esche 
teriol 
lag a 


OPTICAL DENSITY 








[vou 9 


ad ‘hat 

be: ore 
ub: ted 
hal ing 
30° min 


yeral or- 
dioxide 
f unex 
ity: Es- 
12 X 10 


iS cereus 


wr 


See 
9 20 21 22 


veral or- 
p te-K 4, 


- suspen- 
2 X 10 
s licheni 
= 12xX 








{LESULTS 
Prior to using this technique for evaluating the anti- 
microbial activity of gaseous agents it was necessary 
to know the variations to be expected from handling 
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Figure 10. Comparison of the effect of ethylene oxide to 





Escherichia coli using (A) the percentage survival as the eri- 
terion by plate count method and (B) the length of growth 
lag as the criterion by Millipore filter technique. 
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Figure 11. Comparison of inhibition of growth of Escherichia 
coli by different gases. Viable counts on aliquots of unexposed 
Starting suspension 1.3 X 108 per ml. Concentration of ethy- 
lene oxide = 2 mm per L; methyl bromide = 2 mm per L; 
formaldehyde = 0.137 mm per L; exposure time in minutes. 
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the organisms and their exposure to air or CO... The 
consistency observed with any one batch of organisms 
is demonstrated by a typical set of observations shown 
in table 1. 
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Similar results have been obtained after 
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Figure 12. Comparison of inhibition of growth of Escherichia 
coli using two different media after exposure to ethylene oxide- 
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Figure 13. Effect of sodium thiosulfate on growth of Esch- 
erichia coli after exposure to ethylene oxide-carbon dioxide 
mixture. NaoS,O; is added to give a concentration of 0.05 per 
cent. O——O Unexposed (control), without addition of 
NaeSvO;; A——A exposed (¢ X ¢t = 60), without addition of 
NaS,O3; X——X exposed (¢ X ¢ = 60), with addition of 
NaS:0O;; @——@ exposed (¢ KX ¢ = 120), with addition of 
NavseO3. 
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2 hr exposure to CO:. Repeated trials demonstrated 
no change in lag time or starting optical density as 
long as the organisms were not touched in the place- 
ment or removal of the filter and rubber ring. 
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Figure 14. Effect on growth of Escherichia coli exposed to 
an oxidant type pollutant mixture (Gast, Schwartz, and Estes, 
1957). Exposure time 15 min, oxidant concentration equivalent 
to 3.7 wg O; per L; rate of air flow 200 ml per min. Synthetic 
medium used for growth measurement. 


a 


B 


OPTICAL DENSITY 





j 
0 2 4 6 8 10 
TIME IN HOURS 

Figure 15. Effect of additives on growth of Escherichia coli 
exposed to an oxidant type pollutant mixture. Exposure time 
30 min, oxidant concentration 5.6 ug O; per L. Curve A ex- 
posed to pollutant mixture, Casamino acid (Difco) added to 
0.1 per cent concentration. Curve B exposed to pollutant mix- 
ture, yeast extract (Difco) added to 0.1 per cent concentration. 
Curve C exposed to air, without additive (control). Curve D 
exposed to pollutant mixture, without additive. 
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ligure 5 is an example of the results obtained by 
varying the concentration-time product (¢ X /) of 
ethylene oxide toward EF. coli. Similar results arc pro. 
duced with different c X ¢ for formaldehyde (figure 6) 
and methyl bromide (figure 7). 

Typical responses of different bacteria to a single 
concentration-time product of gaseous agents are dem- 
onstrated in figures 8 and 9. Figure 8 shows the effects 
of ethylene oxide on four different species of organisms 
and figure 9 shows the effects of formaldehyde. The 
variation in lag time of the different organisms <(e- 
pends on the species of organisms present, the concen- 
tration, duration of exposure, and the nature of the gas. 

The correlation between the percentage of surviving 
organisms and growth lag to the log c X ¢ of the gaseous 
agent is shown in figure 10. Both of them are linear 
functions of log ¢ X ¢. Rough comparison of the anti- 
microbial activities of methyl bromide, formaldehyde, 
and ethylene oxide are illustrated in figure 11. The 
growth lag resulting from each gas was found by pro- 
jecting the intersection of tangents drawn from the 
two sectors of each growth curve to the x-axis. By 
comparison of the growth lags of ethylene oxide (91, 
hr, c X ¢ = 60), methyl bromide (4.2 hr, c X t = 60), 
and formaldehyde (211% hr, ec X ¢ = 2.7) and ecalcula- 
tion to the corresponding value of c X ¢ = 60, the anti- 
microbial activities of the three gases were found to be 
2:1:106, respectively, toward FE. coli under our experi- 
mental conditions. 

Figure 12 illustrates the growth lags obtained from 
the same batch of exposed organisms subsequently 
grown in synthetic and in organic media. It is inter- 
esting to note that when sodium thiosulfate was added 
to the synthetic medium the growth lag was greatly 
reduced (figure 13). 

Application of this technique to the evaluation of an 
unknown mixture is illustrated in figure 14 with the 
exposure of the organisms to a synthetic oxidant type 
air pollution mixture. The addition of either amino 
acids or yeast extract hastens the growth rate tremen- 
dously.. Figure 15 shows a comparison of the effect of 
these additives on organisms exposed to the pollutant 
mixture. 


DIscuUSSION 


The primary purpose of this study is to develop a 
procedure for comparison of the antimicrobial activities 
of the gaseous agents toward a particular species o/ 
bacteria or of the susceptibilities of different species 
of bacteria to a specific gas. Effects of humidity and 
temperature effects have not been investigated. 

The method is to expose, as directly as possible, the 
bacteria to the gas. To achieve this objective, the 


amount of fluid required to maintain the bacteria in 


the surviving state throughout the experiment is re- 
duced to the minimum. Uniformity of gas mixture in 
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heir Compositions, flows, and distributions are deliber- 
ely considered in designing the apparatus. 

Results from figure 5 to 10 lead to the conclusion 
hat the growth lag is a function of the product of 
wnecentration and exposure time and that the suscepti- 
varies with different 
likewise, the effect of each gas varies with different 
jacteria. Thus it is difficult to set up an antimicrobial 
index of gases in a general manner. 

The growth lag of this dynamic Millipore filter 
method is correlated with per cent of the bacterial 
population killed, a common criterion employed in 
gs sterilization. A 90 per cent kill corresponds to about 
4 12-hr lag under our conditions. 

In the study of antimicrobial activity where plate 
count is used, it is a common practice to choose the 
nost favorable medium, usually an organic complete 
nedium, for plating. Data in figure 12 show that under 
such conditions, the impaired cells which subsequently 
recovered have been ignored and counted as living cells. 


jilities Of each bacteria gases. 


In other words, the part played by the gas on the im- 
paired cells is neglected. In the method presented, the 
cells suffering from a chemical block are also evaluated 
which gives a relatively complete measurement of the 
total toxicity of the gaseous agents. 

Mechanism of the action of ethylene oxide toward 
biological products has drawn the attention of numerous 
investigators (Hawk and Mickelsen, 1955; Windmuel- 
le, Ackerman, and Engel, 1956, 1959; Windmueller, 
Ackerman, and Bakerman, 1959). The reverse action 
of amino acids and yeast extract (figure 15) against 
the effect of the unknown pollutant mixture furnishes 
a possible access to the investigation of the mode of 
action of gas sterilizations. Different precursors of 
proteins, vitamins, nucleic acids, or energy sources 
can be added to the exposed organisms. Any reverse 
action demonstrated by the additives as evidenced by 
a marked decrease in lag time, suggests the possibility 
of the metabolic block or other impairment along the 
line of the precursor or precursors added. 
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SUMMARY 


A dynamic method for comparison of the anti- 
microbial activities of gaseous agents is proposed. 
Specially designed apparatuses for multiple exposure 
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and growth of organisms have been described and the 

validity of the method has been discussed. 

Three gases, ethylene oxide, methyl bromide, and 
formaldehyde, and five bacteria, Escherichia coli, 
Bacillus cereus, Bacillus megaterium, Bacillus licheni- 
formis, and Staphylococcus aureus, have been tested 
and compared; typical data were presented to demon- 
strate the results. Application of this dynamic method 
for the investigation of the mechanism of action of 
gas sterilization has been suggested. 
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The tetracycline, chlortetracycline, has been found 
under different conditions zn vitro to stimulate (Moore, 
1951), inhibit (Paine, 1952), or have no effect (Hessel- 
tine et al., 1952; Walker and Ayers, 1959) upon the 
growth of members of the genus Candida. It has also 
been found to function as a nitrogen source for Candida 
albicans (Gram, 1956). The results in vivo are likewise 
conflicting. Jackson and Axelrood (1954) reported 
that chlortetracycline (CTC) increased the death rate 
of chick embryos inoculated with a pathogenic strain 
of C. albicans, and Seligmann (1952) observed a similar 
effect of this antibiotic on mice injected with a non- 
pathogenic strain of the same species. Roth and 
Murphy (1957) reported that a supersonic extract of 
C. albicans was as lethal for mice treated with CTC as 
were whole cells. However, Kligman (1952) did not 
obtain any stimulatory effect from this antibiotic with 
C. albicans infections in mice, rabbits, or chick embryos. 

This report presents the results of an investigation 
into the effect of Candida krusei, a nonpathogenic yeast, 
and CTC upon the survival of 10-day-old embryonated 
eggs. 


MATERIALS AND METHODS 


Embryonated eggs. Fertile Leghorn chicken eggs, 
incubated for 9 days at 37 C, were candled and windows 
were made according to the method of Goodpasture 
and Buddingh (1935). The few eggs not surviving this 
treatment due to trauma were rejected. The remaining 
healthy embryos were used for experimentation on the 
10th day and observed daily until sacrificed on the 
18th day of incubation. After inoculation of the chorio- 
allantoic membranes, the eggs were incubated for 24 
hr and material from the membranes was streaked on 
YM agar plates (peptone, 5 g; yeast extract, 3 g; malt 
extract, 3 g; glucose, 10 g; agar 20 g; and distilled 
water to make 1 L). If the expected yeast was not 
obtained on these plates or if a 
detected, the embryo was discarded. 

Yeast cells. C. krusei strain Y1743 which agreed in 
all cultural and physiological aspects with C. krusei as 
designated by Lodder and Kreger-van Rij (1952) was 
used throughout this study. The cells were cultured 
for 24 hr at 37 C in 250 ml centrifuge bottles containing 
YM broth. The inoculum was prepared from a 24-hr 
culture of the organism grown in the same medium. 


contaminant was 
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The cells were harvested and washed twice in sterile 
physiological saline by centrifugation. The cellular 
concentrations of dilutions of these washed cells were 
determined from optical density readings and _ cell 
counts. Concentrations of 5 & 10°, 10 K 10°, 15 x 
10°, 20 X 10°, and 25 X 10° cells in a volume of 0.05 
ml were placed on the chorioallantoic membranes oj 
the chick embryos. When cells of C. krusei were added 
separately, concentrations were used differ 
slightly from the range described above. 

CTC. Vials of CTC (Aureomycin) obtained from 
Lederle Laboratories were used which contained CTC 
and sodium glycinate buffer in a ratio of 2:1. Dilutions 
were prepared to give experimental concentrations of 
100, 200, 300, and 400 yg of antibiotic in a volume of 
0.1 ml and having a pH of 8. The concentrations of 
CTC were checked by the acid colorimetric method 
(Groves and Randall, 1955) within 2 to 4 hr after 
preparation of the dilutions. The above antibiotic 
concentrations were placed on 


which 


the chorioallantoic 
membranes, both in the presence and absence of added 
yeast cells. 

Combinations of cells and antibiotic. A concentration 
‘ange of cells of C. kruset was selected from preliminary 
experiments which showed a low degree of lethality 
for the chick embryo. This range, as is indicated above, 
extended from 5 X 10° to 25 X 10° cells per embryo. 
Similarly, different concentrations of CTC were tested 
for their toxicity, and the working concentrations of 
100 to 400 wg per embryo were selected. These experi- 


TABLE 1 
Percentage mortality of embryos treated with Candida krusei and 
chlortetracycline (CTC) 
CTC (ug per Embryo) 
C. krusei (Cells r 


per Embryo) ——_—— a 


0 100 200 300 400 

0 | 8 17 33 35 
5 X 10* 18* 50 57 61 90 
10 X 10%* 12* 43 40 73 89 
15 X 105* 26* 40 80 85 94 
20 X 105* 33* 67 63 85 80 
25 X 105* 28* 59 65 95 100 


* The cellular concentrations in the absence of the anti 
biotic were 3 X 105,6 X 105,12 & 105,20 & 105, and 25 X 105 
per embryo. 
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mental levels of cells and antibiotic were added simul- 
taneously to the embryos in all the possible combina- 
tions in a total volume of 0.15 ml. The results of these 
«mbinations were compared with the effects of the 
two components added to the embryos separately. 
Controls. The first of two controls used was 0.15 ml 
of sterile saline. The second control consisted of 0.1 
ml of sodium glycinate sterilized by filtration and 0.05 
ml of sterile saline. The pH of the glycinate was 8.0, 
and concentrations used corresponded to the amount 
of glycinate buffer present in the CTC preparations. 
Statistical procedures. The survival probabilities were 
analyzed according to the Brandt and Snedecor formula 
as given in Statistical Methods (Snedecor, 1956), where 


Spx = pSX 
Pq 


ll 


chi-square 


The terms of this equation are defined as follows: p 


Inoculum Dosage (ug) Total ml No. 
Saline 12.75 0.15 
Glycinate plus 0.05 ml 50 0.15 
saline 100 0.15 
200 0.15 
Chlortet racyeline 100 0.05 
200 0.01 
300 0.01 
$00) 0.01 
Candida krusei (cells per 
embryo) 
3 X 105 0.05 
3 X 10° 0.05 
10 X 105 0.05 
20 X 105 0.1 
25 X 105 0.05 
Combinations (cells per 
embryo) 
5 X 10° 100 0.15 
200 0.15 
300 0.15 
400 0.15 
10 & 105 100 0.15 
200 0.15 
300 0.15 
400 0.15 
15 X 105 100 0.15 
200 0.15 
300 0.15 
100 0.15 
20 X 10° 100 0.15 
200 0.15 
300 0.15 
400 0.15 
25 X 105 100 0.15 
200 0.15 
300 0.15 
400 0.15 


Significant at the 0.05 level. 
Significant at the 0.01 level. 
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probability of survival for each trial; XY = number of 
survivors in each trial; p = average survival probability 
for the group (7.e., two or more trials); and @ = 1 — p. 

A value of 0.05 for the probability of obtaining a 
larger chi-square value was chosen as the level of 
significance. When this value was exceeded, the experi- 
mental data were considered homogeneous. In such 
cases, the data were pooled. 

A correlation coefficient calculated for the 
yeast cell counts and the optical density readings of 
the suspensions of C. kruseti. In addition, the standard 
deviations were determined for the aliquots of 0.5 and 
1.0 mg used in the colorimetric CTC assays. 


was 


IxXPERIMENTAL RESULTS AND Discussion 
A value of 0.9939 was obtained for the correlation 
coefficient between the optical density readings and 
the cell counts on the concentrated suspension of C. 


TABLE 2 


Probabilities of survival for treated embryos 


. Survival nen - 
Survivors r p for Group Chi- 


Probability Square 

40 0.9302 0.9302 0.339 
12 0.9231 
58 0.8286 
37 0.8409 0.8425 0.767 
1] 0.9167 
15 0.8333 
12 0.6667 
1] 0.6470 0.7538 4.118 
22 0.8148 
14 0.8750 
14 0.7368 
14 0.6667 
13 0.7222 0.7624 2.807 
10 0.5000 
20 0.4255 

9 0.3913 

2 0.1000 0.3727 8.345* 
12 0.5714 

iz 0.6000 

7 0.2692 . 

2 0.1111 0.3882 14 
12 0.6000 

4 0.2000 

3 0.1500 

1 0.0588 0.2597 17.2471 
14 0.3256 

16 0.3721 

3 0.1500 

8 0.2000 0.2808 5.194 
16 0.4102 

7 0.3500 

1 0.0500 

0 0.000 ().2424 17.6787 
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kruset. Unfortunately, the different concentrations of 
antibiotic did not give such good agreement. The 
standard deviation of the 0.5-mg aliquot was 0.031 
whose average optical density was 0.066; the standard 
deviation for the 1.0-mg aliquot was 0.051 whose 
average optical density was 0.145. Therefore, for 
example, a 300-ug level of CTC may have been 300 
g + 100. Even with this magnitude of variation there 
was a significant difference between the response to 
200 and 300 ug of CTC when applied to the embryos 
in conjunction with the cells of C. krusez. 

The addition of 0.15 ml of sterile saline to the embry- 
onic membranes was responsible for an average loss in 
survivors of 7 per cent from a possible 100 per cent 
survival. This value represents the effect of the added 
volume, handling, pipetting, and subculturing upon the 
viability of the embryos. The controls containing 0.1 
ml of glycinate and 0.05 ml saline added a loss of 8.7 
per cent to the above decreases in survival, thereby 
giving a total loss of 15.7 per cent. 

The average mortality associated with the anti- 
biotic concentration range (100 to 400 ug per embryo) 
was 24.6 per cent. The average loss following the 
inoculation of the embryos with from 5 X 10° to 25 X 
10° cells of C. krusei was 23.8 per cent. A summary of 
the results obtained with the addition of yeast cells 
and antibiotic separately and in combination is given 
in table 1. 

In preliminary calculations, the probability values 
for the four antibiotic concentrations were not found to 
be significantly different. When the survival probability 
of each combination trial was compared with those of 
the four CTC levels, 16 of the 20 combinations were 
found to have significantly different probabilities from 
those of the antibiotic. The four combinations failing 
to show a significant difference were 5 X 10°, 10 X 105, 
and 15 X 10° cells with 100 wg of CTC and 10 X 105 
cells with 200 ug CTC. The same procedure was followed 
in comparing the results of the yeast inocula with 
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Figure 1. Comparison of the effect of chlortetracyline alone 
with the effect of chlortetracycline plus Candida krusei on 
the mortality of embryonated eggs. 
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ach of the combination trials. In this case, the samd 
four combinations of cells and CTC were not fi und 4 
differ significantly from the trials involving ye: st ¢¢lj 
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greater @ 
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The chi-square values were first calculated ‘or tly sithin tl 
combination trials following the arrangement of th anbryo. 
data as it is presented in table 2. A significant dillereng ofembry 
was obtained in four of the five groups in which the antibioti 
cellular concentration was held constant while thy 
quantity of CTC varied. When the data were reclags. 
fied with the CTC concentration a constant and the 


(OODPAS' 


quantity of yeast cells a variable, no significant diffeff — arati 
ence was obtained by chi-square analyses at any of th =i" t! 
four CTC levels. In general, the antibiotic concentratigy ee ‘ 
influenced the number of deaths at a fixed concentra. mre } 
tion of cells. The number of yeast cells, within thelh Canc 
limits of this experiment, had a minor influence upov Orig 
the survival probabilities of the embryos. (GROVES, 

Because a significant difference was found which - 
depended upon the antibiotic level in the combination li aa 


trials, the average survival probability of one antibiotic Bou 
level, including all the yeast cell concentrations, was the 
compared with the average probability of each of theff JscksoN 
remaining three levels of CTC. These chi-square value — 
revealed that: (a) the average probabilities for the 10 
and 200 ug levels of CTC in the combination trials did 
not differ, (b) the average probabilities with 200 an 
300 ug of the antibiotic differed at the 0.01 level oi 
significance; (c) the average probabilities for the 300 An 
and 400 ug concentrations differed at the 0.05 level. A 
definite distinction exists between combination triak 
having up to 200 ug of CTC and those having at least 
300 ug of the antibiotic. A corresponding division in 
the data did not occur when the antibiotic alone was 
added to the embryonated eggs. 

The mortality associated with the glycinate solution 
was definitely lower than that of the CTC preparations. 
Therefore, the glycinate buffer which is present in the 
CTC preparation cannot be considered responsible 
for the increase in mortality observed in the combina-> [nt 
tion trials. The results of these combination trials are incres 
graphically presented in figure 1. the 1 
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jon, Where two substances of low toxicity produce 
geater activity than can be accounted for from the 
alditive effect. The antibiotic concentrations of 300 
ad 400 wg in combination with the cell concentrations 
yithin the limits of 5 X& 10° to 20 X 10° per chick 
enbryo were considerably more effective in potentiation 
ofembryo death than were the 100 and 200 ug levels of 
antibiotic combined with cells of C. kruset. 
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Interest in the taxonomy of the streptomycetes has 
increased in the last twenty years primarily because of 
the importance of these organisms as producers of 
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the program. Dr. H. D. Tresner, Lederle Laboratories; Dr. C. 
E. Higgens, Eli Lilly and Company; Dr. T. G. Pridham, 
Northern Regional Research Laboratory; Dr. H. B. Woodruff, 
Merck Sharp and Dohme Research Laboratories; Dr. J. 
Berger, Hoffman-LaRoche, Inc.; Miss A. Dietz, The Upjohn 
Company; Dr. E. Martin, American Scientifie Company; Dr. 
G. M. Leudemann, Schering Corporation; Dr. W. M. Trejo, 
The Squibb Institute for Medical Research; Miss L. Anderson, 
Parke, Davis Company; and Dr. K. E. Crook, Jr., Bristol 
Laboratories, Inc. 

The members of the subcommittee were K. L. Jones, R. C. 


antibiotics. Earlier, the number of investigators with 
sustained interest in the classification of these microbes 
were relatively few. Such men as S. A. Waksman, N. 
A. Krassilnikov, and E. Baldacci, with their intimate 
acquaintance with the members of this group of or- 
ganisms and their own culture collections for guides, 
could be relied on for the identification of species. 
Now, however, the situation is different. These 
microbes are being intensively studied by investigators 
in many laboratories and usually each taxonomist 
personally must determine the species in which he is 
interested. A number of keys for the identification of 





Pittinger, J. B. Routien, R. G. Benedict, K. B. Raper (ex 
officio), and David Gottlieb, Chairman. 8. G. Bradley has 
joined the committee since the resignation of K. L. Jones. 
The assistance of the committee in the preparation of this 
report is greatly appreciated. 















the Streptomyces have been published. Yet, in any 
national or international gathering of students of this 
group of organisms, one senses a dissatisfaction with 
the usefulness of such keys. The individuals cannot rely 
on them for the identification of their isolates. Often, 
only direct comparisons with progeny of type cultures 
are useful. Large culture collections are then necessary 
in each laboratory. Unfortunately, many type cultures 
are no longer extant for such comparisons. In other 
cases, the culture has changed so much during the 
years since its original isolation, so that its description 
no longer fits the culture today. Even recently isolated 
cultures are sometimes impossible to obtain because 
of the great monetary interest which resides in their 
possession, or because national policies make their 
release impossible. 

Good taxon descriptions of the streptomycetes are of 
paramount importance and no progress in species 
identification can be made without them. Difficulties 
in identifying Streptomyces species are not new. Lieske 
in 1921, said he was not successful in identifying even 
one of his more than 100 isolates with any species 
described in the literature. Taylor and Decker in 1947 
showed that they were in a similar quandry and more 
recently Shinobu in 1958 indicated that the taxonomy 
of this group was still chaotic. 

Because of these deficiencies, a subcommittee of the 
Taxonomy Committee of the Society of American 
Bacteriologists was established to advance our knowl- 
edge of the taxonomy of the actinomycetes. One of its 
activities was an inquiry into the cause for the extreme 
difficulty in identifying Streptomyces. 

Streptomyces species. The first object of study was to 
determine the usefulness of many of the criteria which 
are employed in descriptions of these microbes. Were 
the characteristics that had used to define a 
streptomycete sufficiently stable, clear, reproducible, 


been 


and readily capable of interpretation so that investiga- 
tors in various parts of the world could obtain the same 
results with any given isolate? If these criteria could 
not be fulfilled, then their inclusion in a key would only 
lead to confusion and misidentification of species. 
Better characteristics or tests would be necessary for 
the definition of the species. 

Taxonomists in ten laboratories cooperated in this 
investigation. Except for two instances, the individuals 
had long experience in the identification of Streptomyces. 
The two exceptions, while not as highly trained aca- 
demically, had also been identifying these organisms 
for a few years and were well acquainted with the use 
of keys and the handling of the organisms. 

The studies were designed to test only the uniformity 
of criteria in the different laboratories and were based 
on observations of the morphological and physiological 
characteristics of the same organisms under strictly 
defined methods of culture and procedures for deter- 
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mining the responses of the microbes. The pro ‘edures 
used might not have been ideal, but the cooj erator 
believed them to be the best available and reprisenta. 
tive of the types which were in use today. Even before 
beginning the studies, certain weaknesses were 0) )vious. 
lor example, only one strain of each species wa- being 
studied so that the effect of variation among differen; 
individuals in a species was not measured. Further. 
more, any given strain might vary on being kept iy 
culture and produce a different morphologic:al! and 
physiological result when tested over a period of time. 
These problems are objects for future study. The prime 
purpose in this investigation was to isolate the criterion 
itself and put it to the test under conditions which 
allowed the least variation in the microbe and the 
procedure. 


MATERIALS AND Metruops 


Strains. The following organisms from the NRRL 
collection of the U.S. Department of Agriculture were 
supplied to the participants under code: Streptomyces 
cinnamomeus forma azacoluta NRRL-B-1699, 8 
chartreusis NRRL-2287, S. cinnamonensis NRRL 
B-1588, S. canescus NRRL-2419 (S. canescens), and 
S. netropsis NRRL-2268. 

Storage. Soil cultures of stock strains were stored at 
room temperature. Sterile soil for this purpose was 
prepared as follows: 2 to 3 g of finely ground, loam 
soil was placed in culture tubes (13 by 100 mm); cheese 
cloth reinforced, cotton plugged tubes of this soil were 
autoclaved four times at 121 C for 30 min on alternate 
days; a few tubes were tested for sterility. Soil cultures 
were made by pipetting 2 ml of the shaken culture into 
the sterile soil and mixing the suspension with the tip 
of the pipette. The tubes were plugged and allowed to 
air dry at 28-30 C for two weeks. Strains were seeded 
into 300-ml Erlenmeyer flasks containing 100 ml Ami- 
dex broth (described later). Cultures were incubated 
at 28 to 30 C for 2 days. During this period, the myce- 
lium developed into a mat on the surface, and the soil 
became dry. 

Preparation of inoculum. The inoculum was grown il 
Tryptone-yeast extract broth of the following com- 
position, Difco? tryptone, 5 g; Difco yeast extract, 3 ¢ 
distilled water, 1 L. Aliquots of 100 ml were dispensed 
into 500-ml Erlenmeyer flasks and autoclaved at 12! 
C for 15 min. Sterile broth was seeded with 1 loopfu! 
(moistened loop 4 mm in diameter) of soil from a soil 
culture. The culture was incubated at 28 C for 48 hr o! 
a reciprocal shaker (94 strokes per min). The matur 
culture was minced in a sterile Waring Blendor «t 
low speed for | min. Slants were inoculated with 0.2 ml 
of fragmented mycelium, liquid media with 0.1 ml. 
plates were streaked with 0.1 ml, and gelatin wa 


* Difeo Laboratories, Inc., Detroit, Michigan. 
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gabbed with an inoculating needle dipped in the 
suspension. 

Morphology and color. The media used were tomato 
paste-oatmeal agar, Amidex® agar, and Czapek’s agar. 
The tomato paste-oatmeal agar was composed of, 
lution I: Heinz Baby Oatmeal Food, 20 g; Contadina 
tomato paste (Italian style), 20 g; hot tap water, 500 
ml; solution II: Difco agar, 15 g; tap water, 500 ml. 
The two hot solutions were mixed, steamed for 10 min, 
and then autoclaved at 121 C for 15 min. The final pH, 
without adjusting, was 6.8 to 7.0. Amidex agar was 
composed of Difco yeast extract, 1 g; Difco beef extract, 
CoCl.-6H2O, 0.02 g; 
Difeo agar, 20 g; and distilled water, 1 L; adjusted to 
pH 7.3. Czapek’s agar contained NaNOs, 3 g; KsHPOs,, 
|g; MgSO,4-7H.O, 0.5 g; KCl, 0.5 g; FeSO.-7H2O, 
0.01 g; sucrose, 30 g; Difco agar, 15 g; distilled water, 


|g; N-Z amine type A,‘ 2 g; 


| L. Components of Amidex and Czapek’s agars were 
dissolved and the media then autoclaved at. 121 C for 
Ij min. Kach medium was inoculated with about 0.05 
ml of blended mycelium, which was streaked in a 
cross-hatched pattern. The system of Pridham ef al., 
1958 was used for describing sporophores. Color of the 
aerial and vegetative mycelium was compared to a 
color standard under daylight fluorescent light. The 
color of the soluble pigment was recorded without 
reference to a color standard. 

Hydrogen sulfide test. Difco peptone-iron agar was 
supplemented with 0.1 per cent Difco yeast extract. 
The medium was dissolved, dispensed into tubes, 
autoclaved at 121 C for 15 min, and allowed to solidify 
as slants. Inoculated slants were incubated at 28 C and 
the cultures were observed at 6 and 18 hr; production 
of H»S was indicated by the presence of a pronounced 
blue-black discoloration of the medium surrounding the 
colonies. 

Tyrosinase test. Tyrosine agar was composed of 
Kastman® L(—)-tyrosine, | g; Difco agar, 15 g; distilled 
water, 1 L. Slants were incubated at 28 C for 14 days; 
readings were made on day 4, 7, and 14. Characteristics 
observed included growth and color of aerial mycelium, 
vegetative mycelium, and color of soluble pigment. 

Milk. Commercially available skimmed milk (18 ml 
per 25- by 150-mm test tube) was sterilized by exposure 
to flowing steam on 3 successive days. Between treat- 
ments, the milk was refrigerated for 3 hr, then incu- 
bated at 28 C. Inoculated milk cultures were observed 
on day 2 and 7 for pigmentation, coagulation, and 
peptonization. On day 14, the amount of growth; color 
of spores, vegetative mycelium, and soluble pigmenta- 
tion; coagulation; peptonization; and pH (measured by 
glass electrode) were noted. 


Corn Products Refining Company, Argo, Illinois. 

Sheffield ‘Chemical Company, Norwich, New York. 

Eastman Organic Chemical Company, Rochester, 
York. 


New 
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Hemolysis. Blood agar was prepared by adding 6 ml 
of diluted, citrated horse blood (50 ml whole horse 
blood in 250 ml of 1 per cent sodium citrate and 0.9 
per cent NaCl) to 125 ml of molten Difco tryptone 
blood agar base. After mixing, the medium was dis- 
pensed into Petri plates. Sterility was verified by 
incubation at 37 C overnight. Plates were inoculated 
by a cross-streak. Cultures were incubated at 28 C 
for 48 hr. 

Proteolysis. Difco gelatin (12 per cent) in distilled 
water was dissolved and dispensed into test tubes 
prior to autoclaving. Inoculated tubes were incubated 
at 28 C for 21 days. On days 7, 14, and 21, triplicate 
tubes were placed at 3 to 5 C for 1 hr, and the degree 
of liquefaction noted. The color of soluble pigment was 
also recorded. 

Nitrate reduction. Synthetic nitrate broth was made 
by preparing 2 solutions; solution I consisted of CaCl, 
(anhydrous), 0.5 g; distilled water, 100 ml; solution II 
of K,HPO, (anhydrous), 0.5 g; MgSO,-7H.O, 0.2 g; 
KNOs;, 1 g; glucose, 10 g; distilled water, 900 ml. 
Solutions I and II were mixed, dispensed into test 
tubes, and sterilized. Complex nitrate broth was com- 
posed of Difco peptone, 5 g; Difco beef extract, 3 g; 
KNOs3, 1 g; distilled water, 1 L. Inoculated tubes were 
incubated at 28 C for 7, 14, and 21 days. A red color, 
indicating the presence of nitrites, developed after 1 ml 
sulfanilic acid reagent (8 g sulfanilic acid per 1 L of 
5 N acetic acid) and 1 ml of dimethyl-a-naphthylamine 
reagent (6 ml dimethyl-a-naphthylamine per 1 L of 5 
N acetic acid) were added and shaken after each addi- 
tion. If no red color formed after addition of the test 
reagents, a pinch of zinc dust was added. If nitrate was 
still present, it was reduced to nitrite and the red color 
appeared. If no color developed after the addition of 
zinc, the nitrate had been used completely or reduced 
to products beyond nitrite. 

Carbon and nitrogen utilization. The basal medium 
was composed of KH2PO,, 2.38 g; Ke_HPO,-3 HO, 
MgS0O,-7H.0O, 1 g; 
washed agar (Difco Noble agar), 15 g; distilled water, 
1 L. The salt solution contained CuSO,-3H.O, 102 mg; 
FeSO,-7H.0, 176 mg; MnCl.-4H.O, 126 mg; ZnSO,: 
7H.O, 24 mg; distilled water, 100 ml. For carbon 
utilization tests, 2.64 g (NH,4)SO, were added to the 
basal medium. The components of the medium were 
dissolved prior to sterilization at 121 C for 10 min. 
For nitrogen utilization tests, 20 ml sterile glucose 
solution (50 per cent, w/v) were added to each liter of 
sterile, molten basal medium. The final pH of all media 
was adjusted to 6.8 to 7.0. Sucrose, D-xylose, L-arab- 
inose, rhamnose, glucose, p-fructose, lactose, raffinose, 
7-inositol, inulin, maltose, p-mannitol, salicin or D- 
sorbitol (1 per cent, w/v) were added individually to 
the molten carbohydrate-free medium, mixed to distrib- 
ute and dissolve the sugar, and dispensed asceptically 


5.65 g; salt solution, 6.25 ml; 
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into Petri plates. The following nitrogenous compounds 
were added singly to the nitrogen-free medium: L- 
taurine, 1.56 per cent; betaine-HCl, 2.04 per cent; 
L-methionine, 2 per cent; sarcosine- HCl, 1.18 per cent; 
creatine hydrate, 0.5 per cent, a-aminoisobutyric acid, 
1.37 per cent; and L-arginine, 1.73 per cent. The 
inoculum was harvested, washed once with saline, and 
resuspended in normal saline. Plates were seeded with 
approximately 0.05 ml of washed inocula, as spots, 
on two different sites of the same plate. Cultures were 
incubated at 28 to 30 C for 10 days. 

Presentation of data. The data from these experi- 
ments were too voluminous to present in manuscript 
form. They are here presented in detail only when 
necessary to illustrate a particular feature of the 
criterion under discussion. Reporting of data has not 
been uniform, and the committee has tried to stand- 
ardize the interpretations of the observations. Since the 
prime purpose of the cooperative investigation was to 
determine the uniformity of the response of a Strepto- 
myces under a given set of nutritive and environmental 
conditions, the data have been evaluated to show the 
consistency of results among the different laboratories. 
They are presented on the basis of the agreement with 
the observations reported by the majority of the 
investigators. Thus, if 8 reports on a particular criterion 
were positive, this was assumed to be the characteristic 
response of the organism and the result was 80 per cent 
agreement. 

RESULTS 

Morphology of sporophores. Of the three media used 
to observe sporophore structure, the tomato paste- 
oatmeal, and the Amidex agar were satisfactory for all 
cultures and investigators. Czapek’s agar, however, 
was not generally suitable since in nine instances, 
growth was asporous or sporulation was so scant that 
morphological studies were impossible. Morphology 
could not be reported unless definite chains of spores 
could be seen. There seems but little change in sporo- 
phore morphology with changes in media. Five of the 
six cooperators who investigated all three media 
reported no change in morphology with different media. 
In some cases, two types of sporophores were reported 
for the same culture giving a total of more than 10 
reports. 

Further development of this system for describing 
sporophore morphology apparently is necessary since 
agreement varied between 50 to 100 per cent; the over- 
all agreement was only 76 per cent (table 1). From the 
raw data received, it was evident that some misinter- 
pretation of the criteria had occurred. The poor result 
with culture C was surprising, but no reason could be 
ascribed for the variation. The nature of the verticillate 
forms caused difficulty to some observers, since the 
primary verticils seemed to escape their attention. 
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To use sporophore morphology effectively, the 
elimination or consolidation of the types which are 
sasily confused deserves more study. Another «id jy 
defining this criterion would be a series of photographs 
illustrating the different sporophores and the vari:tions 
which are encountered in the groups. Despite the 
difficulties, all the investigators who were queried 
expressed a unanimous belief that this feature should 
be one of the most important characteristics of 4 
Streptomyces for taxonomic study. 

Color of aerial and vegetative mycelium. The description 
of color often is a very subjective process. Not only do 
individual sensitivities to color vary, but so do the 
terms which a person uses to describe the color. To 
overcome these personal evaluations and descriptions, 
attempts were made to use an objective scale of color 
values. The Dictionary of Color (Maerz and Paul, 1950) 
was used as a standard color guide. In addition, the 
colors also were named in ordinary parlance. The use 
of the exact color standard to describe the aerial hyphae 
of plate cultures failed. The number of separate colo: 
plates to which the cultures were assigned by different 
investigators varied from five to eight. Over-all agree. 
ment for the five cultures on three media by eight 
investigators was 62.5 per cent when one color for each 
culture was used as an arbitrary standard. Evaluation 
on Czapek’s agar gave the poorest agreement and 
evaluation on tomato paste-oatmeal agar gave the 
best agreement, 79.4 per cent. Each plate in the Dic- 
tionary of Color contains 144 colors, or shades of color, 
so that using exact descriptions based on the color code 
was even more confusing. 

Many of the colors, even on different plates, resemble 
ach other to the ordinary observer. This caused diff- 
culties and some investigators were in a quandry to 
decide which exact color most closely resembled the 
culture. They listed more than one color, often on 
different plates, to describe the same culture. Further- 
more, different names were applied to what might be 
the same or very slightly different color. Thus, we 
find white, off-white, eggshell, creamy, and flesh applied 


TABLE 1 


Agreement on sporophore morphology* 


Culture Code Description Agreement? 
A BIV, 8; MV, 1; RF, 1. 80 
B S, 10. 100 
C RA, 10; RF, 4; 8S, 1. 50 
D RF, 8; RA, 1; RF, 2. 00 
KE BIV, 7; MV, 1; BIV-S, 1; MV-S, 1. 70 


* RF (straight, flexous, or fascicled), RA (open loops, primi 
tive spirals), S (open or closed spirals), MV (monoverticillate 
MV-S (monoverticillate with spirals), BIV (biverticillate) , and 
BIV-S (biverticillate with spirals). 

+ Over-all agreement, 78 per cent. 
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i the same culture; yet these are all very similar. There- 
ire, & second rating was made in which all similar 
sppearing cultures were grouped, either by examining 
the actual coded colors or by grouping some color 
lescriptions which, in common language, are so close 
that exact differentiation is meaningless for culture 
lescription (table 2). Better agreement was then ob- 
‘dined: tomato paste-oatmeal agar, 70 per cent; Amidex, 
76 per cent; and Czapek’s, 75 per cent. With these 
five cultures, Czapek’s medium was very poor; very 
few spores were produced, and cultures tended to be 
white. Sometimes cultures did not even produce aerial 
mycelium. 

The color of the vegetative mycelium of the five 
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cultures was not very helpful in determining the useful- 
ness of this criterion. Unfortunately, most of the 
cultures could be classified in the brown range of tints. 
Naming the colors in general terms gave results in 
which only the extremes are given in table 3. 

The utility of a precise standard color guide is open 
to question. Based on the colors in A Dictionary of 
Color (Maerz and Paul, 1950) the raw data giving the 
color designated for the various colors and their strength 
was never identical for any of the cultures or coopera- 
tors. As indicated, even the plate number varied 
greatly (each plate contained 144 precise colors). The 
number of different plates on which the exact colors 
were described varied from two to seven. A comparison 


TABLE 2 


Color of sporulating aerial mycelium 





No. of Plates 


Retesred ti in Plate No. Most 


Culture Code Agar fea Frequently 

Paul {igs0) Referred to 

A Czapek’s 4 (white) 
Amidex 6 10 
Tomato paste-oatmeal 8 3 

B Czapek’s 6 (white) 
Amidex 6 37 
Tomato paste-oatmeal 5 37 

C Czapek’s 5 (white) 
Amidex 5 } 
Tomato paste-oatmeal 7 4 

D Czapek's 4 (white) 
Amidex 4 10 
Tomato paste-oatmeal 6 10 

>) Czapek’s 4 (white) 
Amidex 6 11 

Tomato paste-oatmeal 8 11, 12 


Averages for media: Czapek’s, 75 per cent; Amidex, 76 per cent; 


cent. 


Color Names Agreement 
Pink, 3; white to creamy, 5 63 
Pink, 4; creamy to tan, 4 50 
Light pink to lavender, 7; creamy to tan, 3 70 
White, 7; blue, 2 73 
Blue to blue gray, 8; gray, 1 89 
Blue to blue gray, 7; lavender, 1; blue green, |; 70 
gray, | 
Pink to lavender, 4; white, 3; light tan, 1 50 
Pink to gray pink to lavender, 9 100 
Pink to pink gray to lavender, 9 100 
White to pale cream to light tan to yellow, 8; 89 
pale yellow gray, | 
Off white to yellowish, 7; tan, 3 70 
Cream to ivory to yellowish, 4; pinkish tan, 2; 40 
yellow gray to greenish gray, 3; dark brown to 
light brown green, 1 
| White to pinkish white to flesh, 8 100 
| Oyster white to beige to flesh to pinkish tan to 70 
light gray orange, 7; gray pink, 1; brown, 1 
Off white to flesh, 3; light tan to pinkish tan to 70 


light gray orange to cinnamon brown, 7. 


tomato paste oatmeal, 70 per cent. Over-all agreement: 74 per 


TABLE 3 


Culture Code . _ = 
| 


Tomato paste-oatmeal 


A Light orange yellow to walnut brown 
B Orange yellow to brown 

C Gray brown to reddish brown 

D Light tan to brown 


Kk Dark gray to dark brown 


Color of vegetative mycelium growing on different media 


Media 


Amidex Czapek’s 


White to mustard 
Yellow to buff 
White gray to brown 
White to yellow 
White to red brown 


Orange yellow to brown 
Gray yellow to brown 
Dirty gray to brown 
Yellow orange to brown 
Brown 
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of the plates on which the colors are described, indi- 
cates that a general color designation would have 
served the purpose just as well. For example, on Amidex 
agar, the reverse of culture B was referred to plates 
12, 14, and 15. Yet, to the unpracticed eye the general 
color on page 12 is orange, whereas, that on pages 14 
and 15 are both various shades of brown. 

The poor uniformity of color description among 
investigators in this study contradicts the common 
experience of many taxonomists that color is a very 
useful criterion. Probably both viewpoints are correct. 
The individual taxonomist finds this characteristic 
reliable in his own hands with his own standards of 
color. The area in which it fails is the communication 
of his own color values to other investigators. 

Any suggestion that an accurate, detailed, color 
standard be used does not seem warranted. The finer 
shades or strengths of color are lost either due to the 
transference of the eye from the standard to the culture 
or to the difference in the texture of the standard and 


TABLE 4 


Soluble pigments produced* 


Media 


Czapek’s None, 10 Yellow, 6 


None, 4 


Amidex None, 7 Brown, 8 
Pink, 3 None, 2 
Tomato paste-oatmeal None, 8 Brown, 6 


Yellow, 2 None, 4 


Over-all agreement (°7) 83 67 


* The original color designations have been combined and changed in this table to conform to simple color groups. 


TABLE 5 


Utilization of p-xylose; typical data summary 


Laboratory No. 


Culture Code 


10* Result 
1 2 3 + 5 6 7 8 9 Score 
A B 
A ~ (—) (—) + - (— _ + — (—) (+) 75 
B ~ + — + (+ — + (+) (+) (— ) 95 = 5 
& _ (+) (—) (+) (+) (— — (+) (—) Ct Ct 56 a 
}) + + _ + (+) (— _ (+) (+) (+) (+) 70 + 
E = (—) ~ ~ ~ — _ (—) ~ - = 100 — 
* Two observers, A and B. 
+ C = contaminated. 
¢ Key: + = growth and positive utilization; — = no growth, no utilization; (+) = slight growth, probably some utilization 


(—) = very faint growth, probably no utilization. 





VOL, 4 


a culture. Individuals vary in what they see. As a 
example, an incident occurred during the examinatigy 
of a plate culture; one individual always described it a 
pink, yet, all his colleagues saw only tan. Nevertieles. 
there must be some uniformity in color descriptions 
For this purpose, a simple color guide with definite 
common names ascribed to these colors and which 
would have world wide distribution might be bes 
Indefinite colors should be described in the dominay 
color. If this is not possible as with blue-gray or gray. 
blue, both dominant colors should be given and if th 
description is included in a key, the culture should be 
found under both descriptions. 

Soluble pigment color. The color of soluble pigments 
as reported by the various investigators was not uni- 
form. Based on the original data, the agreement varied 
from 20 to 83 per cent. Grouped colors give bette 
results for the different cultures (table 4). Probably, 
the use of species which synthesize sharply defined 
colors would have resulted in greater agreement on this 


Culture Code 


Cc D E 

Yellow to yellow- None, 10 Yellow to brown, 3 
brown, 3 Red, 1 
None, 7 None, 6 
Brown, 8 Brown, 7 
None, 2 Orange, 1 
None, 4 

Brown, 6 Brown, 6 
Black, 1 None, 4 
None, 3 

70 77 60 
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witerion. It is likely that a melanin type of pigment 
was obscuring the true pigments, if any, which were 
produced. 

Utilization of carbon compounds. Results of carbon 
utilization tests were collected and analyzed as illus- 
trated for pb-xylose in table 5. Since the ‘‘correct”’ 
reaction Was not necessarily known, the percentage of 
laboratories obtaining like answers for a given organism 
and substrate appeared to be a reasonable measure- 
ment of reliability for that particular test. Each test 
result was scored as plus: + or (+); or minus: —, (—), 
or (+); and duplicate answers from the same laboratory 
were each given half credit. Thus, in table 5, seven 
laboratories reported organism A unable to utilize 
p-xylose; two reported positive results. In one labora- 
tory, two observers recorded opposite results. With 
half credit for each of the two results from laboratory 
i0, the agreement score is 75 per cent, and the survey 
result (7.e., the majority finding) is shown in the last 
column. The data in table 6 are a summary of the re- 
sults. Responses reported in the original description of 
each culture, if available, included for 
comparison. 

Over-all agreement among laboratories was fair to 
vood. The committee believes that 80 per cent agree- 


have been 


ment is minimal for tests of this type. In general, 
carbon utilization tests appear to meet this standard. 
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Agreement among laboratories varied for any one 
culture and single substrate. If this limited sampling 
is representative of other Streptomyces species, the 
reproducibility of reaction also varied among the 
substrates. Substantially greater diversity occurred 
with xylose, arabinose, inulin, and salicin. In their 
vases, one is led to question such matters as the purity 
and stability of these substrates. On the other hand, 
certain cultures gave more reproducible results than 
others as indicated by the values appearing in the 
last column of table 6. Strains B and E showed better 
agreement, almost without regard to substrate, than 
did the other three organisms. Cultures B and E 
broad 
‘apacities for utilization of diverse carbon 
sources; hence, good agreement can be obtained on 
cultures of opposite “‘appetites.” The fact that some 
cultures behaved less consistently than others should 
introduce a note of caution. With so few cultures 
tested, we have at best an imperfect basis for estimating 
the significance of this indication. If such factors as 
culture stability were involved, one might suspect that 
a substantial number of Streptomyces would show a poor 
coefficient of agreement, especially if tested at different 
times. 


represent, respectively, organisms having US. 


narrow 


Survey results disagreed with the original description 


TABLE 6 


Comparison of carbon utilization test results* 


Culture Code An hese 
< 
\. Original description - -- = 
Survey result. _ — ~ + 
Agreement (%) 75 | 75 | 70} 90 
’. Original description > + 4. - 
Survey result. + + + + 
Agreement (%) 95 | 100 | 100 | 100 
(. Original description 
Survey result a ig = = 
Agreement (%) 56 78 89 | 100 
D. Original description + + — aa 
Survey result.. -+- = = + 
(Agreement (%) 70 60 | 100 80 
£. Original description 
Survey result = = = — 
\greement (%) 100 | 100 | 100 | 100 
Over-all agreement (“7 ) 79 83 | 92| 94 


p-Fructose 


94 | 


< Neg- Over- 
Su- Lac- | Raffi- | i-Ino-|p-Sor-| = Sali- | Mal- | Inu- | ative Ph 
crose | tose | nose | sitol | bitol < cin tose lin Con- | “8ree- 
3 trol | ment 
1 (%) 
ak _ — + =< a 
80 55 65 | 100 75 70 60, 100 65 75 76 
+/+] 4+) 4+} —-| +44 |= 
+/+} t})+]}]—-) 4+) 4) 4] 4) - 

100 100) 100 | 100 80 | 100 80 | 100 60 100 94 
+}/-;-|-];-|-/|4]4]-|- 

100 89 83 89 78 89 89 89 78 86 S86 
+} -—| - -|+/+|+4 
-}/-;/-;|-/;/-|}+]/+/4+]-]|- 

95 70 90 | 100 90 80 65 90 80 | 100 84 

100 | 100 | 100 | 95 | 100 | 100 95 70 80 | 100 96 
95 83 89 97 85 88 78 90 73 92 87 


* For each organism, the survey result indicates the majority finding for each carbon source by the participating laboratories. 
Reports of —, (—), and (+) were scored as negative; reports of (+) and + were scored as positive. When two answers for a single 
test were reported from a given laboratory (as where two observers scored the test), each answer was given half credit. ‘‘Agreement”’ 
indicates the percentage of answers in agreement with the majority finding for the substrate and organism in question. Blank spaces 
in rows provided for original description indicate the absence of data for those substrates. 


Over-all agreement at the bottom of the table represents the average consistency of all tests on a given substrate, whereas the 
last column on the right indicates the average agreement of all tests on each organism. 
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only in the case of culture D on sucrose. Agreement 
among laboratories was good. 

The lack of unanimity in test results on controls 
underscores the importance of technique. Glucose 
(positive control) failed to support growth in three 
instances, one for culture A and two for D. Growth 
was reported on three negative controls (no carbon 
source), two for culture A and one for C. A further 
indication of the importance of technique may be 
seen in table 11, where it is evident that laboratories 
varied in their ability to obtain results consistent with 
the majority finding. It is obvious that, if the data were 
weighted to discount the results of laboratories scoring 
low in table 8, somewhat higher coefficients of agree- 
ment would be obtained. 

Carbohydrate utilization patterns for the five species 
studied were very uniform in the different laboratories. 
If the results from two laboratories who were consist- 
ently ‘“‘out of line” were omitted, the data would have 
been even more uniform. A more judicious choice of 
carbon sources might eliminate some of the more vari- 
able reactions. But one must remember that, with 
other species, the criteria might be more consistent. A 
further search should be made for carbon sources which 
give a more consistent reaction. 

Utilization of nitrogen compounds. Survey results are 
presented in table 7. Consistency of results was dis- 
appointing throughout the series. Not all laboratories 
performed these tests; the number reporting ranged 
from 6 to 9. Although variable results were again 
obtained on positive (arginine) and negative controls, 
in view of the over-all inconsistency in growth the effect 
of the control might be less important in the evaluation 
of this criterion than in carbon utilization tests. One 
must conclude that present techniques for testing utili- 
zation of nitrogen compounds are inadequate. Because 
of the erratic results of these tests, the data of table 11 

elating to them are probably of little significance. 

















* Scoring and method of analysis is the same as in table 6. 
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Nitrate reduction. Observations on nitrate redictioy 
were available in the original descriptions of 4 of the 5 
cultures tested. Survey results agreed with 3 of these 
4; the single disagreement (culture C) was unanimously 
endorsed by all laboratories in all tests. Wit! the 
method of scoring test results (reducing all answers to 
+ or —), good agreement was obtained regardless of 
medium, time of observation, or culture tested (table 
8). Though the data on nitrate reduction was remark- 
ably uniform in these studies, recent researches c:rried 
on by one of the cooperators indicated that a great 
deal of variation exists which was not evident in the 
general study. 

Hydrogen sulfide production. Production of hydrogen 
sulfide generally gave consistent results, and the 
majority finding concurred with the original description 
in both cases in which comparisons were possible 
(table 8). This characteristic seems one of the more 
reliable criteria as judged by the present data. Even 
more convincing are data of Tresner and Danga (1958); 
however, in this study there was no test of variation 
among different investigators. 

Hemolysis. Detection of hemolytic activity scored 
well in over-all agreement (87 per cent), but repro- 
ducibility ranged from 67 to 100 per cent for individual 
cultures. This lack of reproducibility tends to limit. the 
value of hemolysis as presently determined. Participat- 
ing were about equally successful in 
obtaining the majority result in this series of tests 
(table 8). 

Gelatin liquefaction. A wide variation between 
laboratories in the extent of gelatin liquefaction was 
common (table 9). Results from 7, 14, and 21 day 
readings were equally poor. For each culture, liquefac- 
tion varied from 0 to >76 per cent. This variation was 
not due to the fact that one investigator read con- 
sistently low and another high. One laboratory  re- 
ported no liquefaction with 


laboratories 


any of the cultures so one 


TABLE 7 


Comparison of nitrogen utilization test results* 
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Culture Code witinca | Taurine | foburyric | Greatine | r-arginine | *Methi | Seriscy) Mgeatve | Agreement 
A. Survey result. . _ + oe _ > ~ ~ _ 
Agreement (%) 67 78 78 56 62 67 67 57 66 
B. Survey result _ + + _ + + _ —_ 
Agreement (%).. 67 56 89 56 62 94 67 86 72 
C. Survey result ees ace ues = + os _ + + _ _ 
Agreement (%) ee 62 62 88 62 86 100 62 86 76 
D. Survey result. . - : eae SiSb — + + — = 
Agreement (%) 78 78 50 94 100 100 67 86 82 
E. Survey result = Seon - > + _ + + _ — 
Agreement (%) 83 61 61 67 62 78 78 86 72 
Over-all agreement (%)...... 71 67 73 67 74 88 68 80 74 
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ean assume some error in technique was involved. If 
the amount of liquefaction produced by the culture was 
ysed as a criterion and reaction scored on the basis of 
) to 4, the per cent agreement at 21 days for cultures 
\. B, C, D, and E in the same order was 40, 60, 45, 
66, and 66. Less variation resulted when the reaction 
was rated as only positive or negative. In this case, the 
per cent agreement for cultures A, B, C, D, and K, 
respectively, was 80, 80, 67, 70, and 80. The production 
of color by the cultures during liquefaction was not 
distinctive and was generally classed as some tint or 
shade of brown. However, the presence or absence of 
color seemed fairly consistent. Cultures B, C, and D 
reacted similarly in all laboratories; culture A gave 89 
per cent and E, 79 per cent agreement. 

Reactions on milk. The coagulation of milk also was 
not uniform in the different laboratories. Culture A 
was reported to produce from slight to good coagulation 
depending on the laboratory in which it was cultured. 
Culture B coagulated milk in 4 laboratories but not in 
5 others. The over-all percentage agreement for the 
5 cultures was 76. Peptonization also was not consistent. 
With culture A, for example, 5 laboratories reported 
good peptonization, 4 very slight, 1 a trace, and 5 none. 
Similarly, culture B did not give uniform results; in 


TABLE 8 


Agreement of data fiom nitrate reduction, hydrogen sulfide 
production and hemolysis* 
Reduction of Nitrate 
to Nitrite 
Culture Code Organic Synthetic | 7.5 Hemol- 
medium medium ysis 
14] 21 | 14 | 21 
days | days | days days 
A. Original description - 
Survey result....... —-|/—-};-|-]- + 
Agreement ([%). 100 (100 | 80 | 80 {100 | 100 
B. Original description aa | + 
Survey result... title) tit - 
Agreement (%).. 100 |100 |100 |100 |100 67 
C. Original description _ - 
Survey result...... Sel ace ce Goae | Sie = 
Agreement (%) 100 (100 |100 |100 |100 89 
D. Original description _ + 
Survey result..... on (ae ol (ake I 
Agreement (%).. 90 | 80 | 90 | 90 {100 78 
E. Original description - 
Survey result..... —-|-{]-/|-]-]|] + 
, Agreement (%)... 90 | 90 90 100 | 78 | 100 
\ Over-all agreement (%) 96 94 | 92 | 94 | 96) 87 
* Entries for nitrate reduction in original description are 
not strictly comparable to data obtained in these experiments, 
since exact conditions for the original test are not known. In 
the survey results, only definite positives were scored as +: 


reports of ‘‘slight,’’ ‘“‘weak,’’ “‘trace,’’ or + activity were con- 


| sidered negative. Hemolytic reactions were scored + even if 
: reported as weak. Agreement was calculated as in table 1. 
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6 instances various degrees of peptonization occurred, 
1 investigator reported good coagulation, but no 
peptonization, whereas in the 3 remaining reports of no 
peptonization there also was no coagulation. Whenever 
peptonization was reported on the I4th day and 
coagulation on the 7th, but not 14th day, the culture 
was scored positive for both coagulation and peptoni- 
zation. The per cent agreement between laboratories 
for cultures A, B, C, D, and FE, respectively, was 
coagulation 100, 70, 62, 56, and 90; peptonization 50, 
60, 62, 80, and 90. 

Reaction on tyrosine agar. Table 10 illustrates the 
range of uniformity obtained with reactions of these 
Streptomyces on tyrosine agar. Uniformity was greatest 
for growth, but unfortunately all the organisms utilized 
the amino acid as their sole source of carbon and 
nitrogen. Color of the aerial and substrate mycelium 
as well as pigment formation was subject to the same 
qualifications previously stated for such criteria. 


Identification of Cultures 


The distribution of identical cultures to the different 
laboratories was a challenge to some of the investigators 
to test the reliability of their procedures. Four investi- 
gators returned the data on culture identification. A 
common complaint was that, by merely using the keys 
which are now extant, the taxonomists would have 
been unable to identify the species and would have 
been forced to call the isolates sp. n. Nevertheless, by 
resorting to their own individual methods or com- 
binations of methods, together with reference to species 


TABLE 9 
Gelatin liquefaction* 


Liquefaction Reported by Different Investigators 


Culture 
Code 7 Son ae te nail eo 
a b c d e f g h i ee. 

A 1 1 2 ] 0 3 4 } 0 4 
B 1 4 4 0 4 2 4 t 0 4 
C 1 1 4 0 4 2 0 2 0 

D 1 0 4 3 3-4 4 0 4 0 4 
I 4 1 4 4 1-4 4 0 4 0 4 


*() = no liquefaction, 1 = 1 to 24 per cent. 2 = 25 to 50 
per cent, 3 = 51 to 75 per cent, 4 = >76 per cent. 


TABLE 10 
Percentage agreement between laboratories on various charac- 
teristics of Streptomyces grown on tyrosine agar 


Culture Code 


Reaction - —_—— Average 
A B Cc D E 
Growth...... Deaton 100 | 90 |100 | 60 |100 88 
Color of aerial mycelium.......| 60 | 90 | 67 | 50 | 50 | 68 
Color of subtrate mycelium....| 70 | 80 | 67 | 40 | 70) 65 
Soluble pigment color.......... 60 | 56 | 56 | 70 | 60 | 69 
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in their own culture collections, correct identifications 
often were obtained. Although the specific epithet was 
not always the one assigned to the culture, some 
authorities might consider them as synonyms. 

Culture A. Streptomyces cinnamomeus f. azacoluta 
NRRL B-1699. Three of four cooperators correctly 
identified this culture. One identified the strain as S. 
griseocarneus, S. lilacinus, or S. hiroshimensis. 

Culture B. Streplomyces chartreusis NRRL 2287. 
The four cooperators correctly identified this strain. 
One also included S. erythrochromogenes, S. viridochro- 
mogenes, and S. caelestis as possibilities. 

Culture C. 
B-1588. The 
identified this strain. Epithets included were cinna- 


NRRL 


correctly 


Streptomyces cinnamonensis 


four cooperators probably 
monensis, virginiae, acidomyceticus, roseochromogenus, 
and lavendulae which probably are synonymous. 

Culture D. Streptomyces canescus NRRL 2419. All 
cooperators probably correctly identified this strain. 
Epithets included were albidoflavus, albus, cellulosae, 
albosporeus, hominis, and canescus. These probably are 
synonymous with griseus or some could be rejected on 
the basis of inadequate characterization. 

Culture E. Streptomyces netropsis NRRL 2268. All 
four cooperators correctly identified this strain. One 
also included S. roseus as a possibility, although the 
latter probably is too inadequately characterized in 
the original description to warrant its consideration 
until a suitable neotype is designated. 

Faith in the species determinations by capable, 
experienced taxonomists who have adequate culture 
collections remains unshaken. Their success in identi- 
fying the five Streptomyces which were sent them under 
code, shows the basic soundness of good taxonomy. 
The fact that more than one specific epithet was often 
included, probably indicates either the need of more 


TABLE 11 
Agreement of laboratories with majority finding 
Percentage of Observations which Agreed with 
Majority Finding* 
Laboratory - 


? bite oa eo Miscellaneous 
Carbon utilization Nitrogen utilization oe 


testst 
l 99 95 100 
2 9G 85 93 
3 92 85 100 
i 92 97 100 
5 9] - 87 
6 91 75 81 
7 9] 70 90 
8 83 65 97 
9 8O 70 90 
10 72 35 97 


* All test data considered. 
+ Nitrate reduction, H2S production, and hemolysis. 





criteria for species differentiation or that specics are 
being unnecessarily fragmented. 

The reliability of any taxonomic description «s wel] 
as the identification of cultures rests on the experience 
and proficiency of the taxonomists. Data in table || 
reflect the variation among investigators as shown by 
the percentage of their observations which agree with 
the majority. Only carbon and nitrogen utilization, 
hydrogen sulfide production, nitrate reduction, and 
presence of hemolysis were included in this tabul:tion, 
Some laboratories ranked consistently high in criteria 
whereas others varied depending on the criteria being 
studied. 


DISCUSSION AND CONCLUSIONS 


Irom these results, it is obvious that the. criteria 
which have been used for the characterization and 
identification of Streptomyces are far from ideal. The 
lack of uniformity in the reaction of these microbes, 
even considering the standardized conditions of the 
test, is surprising. Unfortunately, the human variation 
in very small details of manipulation could not be 
standardized and were left to chance. The other uncon- 
trolled factor was human judgment. On it would 
depend, for example, the lower limits in the develop- 
ment of an organism, which the individual will call 
growth, and the detection of the onset of liquefaction 
of gelatin. After perusing these data, it should not be 
surprising to<find that the description of an organism 
does not fit reactions carried out by another investigator. 
When one considers that a Streptomyces might have 
undergone many changes during subculture, or that a 
different strain of a species might have been used by 
the author for the original characterization, reasons 
for inadequate descriptions of these microbes are too 
evident. Compounding the uncertainty still more, is 
the fact. that one rarely knows the exact composition 
of the media or detailed procedure for carrying out the 
test. 

Despite these difficulties, taxonomists have been 
able to identify these microbes, as indeed happened in 
the present study. Success apparently depends on a 
consistency in the evaluation and judgment of the 
investigator. Once he has familiarized himself with the 
reactions of a wide variety of microbes and has set. his 
own subjective criteria of color, growth, ete., he then 
can always determine whether the reactions of an 
unknown culture correspond to these standards. He 
will invariably call a certain range of color blue, another 
gray, orange, pink, etc. Thus, the factor of training or 
experience is vital in the taxonomy of any group of 
organisms. Yet, even with such highly qualified taxono- 
mists, there is a need of a good, basic, reliable literature 
of species descriptions to which they can turn for the 
identification of an unknown isolate. 

This literature requires the use of a series of reactions 
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jor species descriptions, which are reliable and encom- 
pass the entire range of variation of the organism. Ideal 
criteria Should be as objective as possible and give an 
all or none reaction. They should not be too sensitive 
9 minor variations in media or methods, so that they 
would give uniform reactions when carried out in 
various laboratories throughout the world. One cannot 
expect to obtain the same brand of agar or variety of 
potato in all countries. Nor is it probable that all 
minute details of one investigator’s manipulation of a 
test be repeated in facsimile by another one. 

More studies in the choice of criteria are necessary 
for their proper evaluation. New criteria need be sought 
and poor criteria dropped from the literature. One 
must be aware that all criteria cannot be expected to 
have universal application to all species; some criteria 
could serve to separate whole groups of organisms from 
each other, whereas others would be of value only for 
the separation of two species. Furthermore, the ideal 
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criteria for any taxon should correlate with each other 
on any one member to set it off from another. 
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‘ 


Our investigations of the rickettsiostatic activities 
of compounds related to p-aminobenzoic acid? and the 
effects of tritium oxide on the growth of rickettsiae’ 
required that many different compounds or different 
levels of activity of tritium oxide be injected into 
embryonate eggs. Quantities of each compound or 
each activity of tritium to be tested in a given experi- 
ment were dissolved in an amount of distilled water 
such that each 0.4 or 0.2 ml of solution contained the 
amount of reagent to be injected per egg. Finger held, 
digit powered 5-ml syringes could not be controlled 
with sufficient accuracy. The use of a single 1-m] syringe 
filled to contain the correct amount of solution to be 
injected into each egg for a group of 30 eggs increased 
greatly the probability of bacterial contamination. 
The use of a 1-ml syringe for each egg was awkward 
and time consuming; the washing and sterilization of 
the 100 or more syringes resulting from the injection 
of 3 to 4 series of eggs required also much time. Auto- 

‘Senior Research Fellowship (SF-89) from the United 
States Public Health Service. 

2 Supported, in part, by the U. 8S. Public Health Service, 
Department of Health, Education and Welfare, grant E-2340. 

’ Supported, in part, by the U. 8S. Atomic Energy Commis- 
sion, grant AT(11-1)-596. 


matic pipetting syringes could be adjusted to fill 
correctly, but, at the volumes used, were inaccurate on 
discharge. 

In the light of the above, we have developed a simple, 
inexpensive, accurate, trigger operated “injection gun.” 
An exploded view of the gun assembly is shown in 
figure 1.4 The apparatus consists essentially of a caulk- 
ing gun modified by the addition of two saddles to 
position and hold securely a 5-ml ‘‘multifit” syringe.° 
Kach squeeze of the trigger, using the large notches of 
the actuating rod, advances the plunger of the syringe 
a distance sufficient to discharge approximately 0.4 
ml of solution. A single filling of the syringe contains 
sufficient solution, therefore, to inject 12 eggs. Several 
fillings sufficed to inject a given series (30 eggs) and 
this was accomplished in 4 min. By rotating the actuat- 
ing rod, to engage the finer notches, each squeeze of 
the trigger discharges approximately 0.2 ml of solution. 

Variations in the amounts delivered were determined 
by weighing 30 consecutive samples on an analytical 
balance and converting to corrected volumes. When 


4 Detailed construction plans can be obtained from: Dr. H. 
K. Ihrig, Research Laboratories, Allis Chalmers Manufac- 
turing Company, West Allis, Wisconsin. 

5 Becton, Dickinson and Company, Rutherford, New Jersey. 






solution delivered was 0.390 ml with a standard devia- 
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One of the serious limitations in any program de- 
signed to study natural biological materials (i.e., 
fermentation beers, plant extracts.) as sources of 
antiviral substances is the inadequacy of the methods 
used to obtain quantitative estimates of the activity. 
After all, the compound of interest is likely to be a very 
small part of the complex material in which it is con- 
tained. Thus, extraction and purification studies in the 
absence of precise data as to quantity of active sub- 
stance, whether the activity is due to single or multiple 
entities, and solvent extractability, become slow and 
laborious. Furthermore, without the kind of descriptive 
information paper chromatography can supply very 
early in the developmental stage, one may very well 
spend much time uselessly on repeat activities. 

1 Present address: Bristol Laboratories, Syracuse 1, New 


York. 
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tion of +0.015 ml; set to deliver 0.2 ml, mean de ivery 
was 0.201 + 0.021 ml. 


FRONT SADDLE 


Attempts have been made by various investigators 
to obtain correlative responses of other biological 
systems to virus-inhibitors. Asheshov et al. (1954 
studied the activities of fermentation beers of actino- 
mycetes against bacteriophage and Fastier (1954) 
studied extracts of fungi, including yeasts, with only 
indefinite success when extended to animal viruses. 
B. P. Sagik (Unpublished Data) has compared the 
activity of chemicals and fermentation beers against 
bacteriophage and animal viruses and has found no 
significant correlation. 

The development of a plaque method for measuring 
infectivity of animal viruses on susceptible cell mono- 
layers (Dulbecco, 1952) has suggested adaptation of 
this method to the study of antiviral compounds. 
The criterion of virus inhibition would be the ability 
of the substance to suppress plaque formation. DeSomer 
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and Prinzie (1957) reported the application of this 
iechnique to the titration of poliomyelitis virus neutral- 
izing untibody serum and also stated that the method 
is being used in their laboratory ‘for screening antibiotic 
substances for their activity against viruses.” 

This paper will describe the successful use of plaque- 
forming systems in studying the activity of pure 
compounds and antibiotic fermentation beers by 
quantitative assay procedures and bioautography. 
Tests for antiviral activity were carred out on £- 
diethylamino-a-hydroxypropionaldehyde hydrochloride 
(DAHP), the antibiotic psicofuranine (Eble et al., 
1959; Lewis, Reames, and Rhuland, 1959; Vavra et al., 
1959; Hanka, Burch, and Sokolski, 1959; and Sokolski, 
Kilers, and Eble, 1959) and beer filtrates of actino- 
mycete AV/1. DAHP was reported by Underwood and 
Weed (1956) as having some virucidal activity against 
Newcastle disease virus (NDV). The anti-NDV activ- 
ities of filtrates of AV/1 first detected in ovo 
and were later shown to contain the antiviral com- 
pounds of the contact-active kethoxal type: methyl 
glvoxal, dihydroxyacetone, and glyceraldehyde. 


were 


MATERIALS AND METHODS 


Cells. Chick embryo fibroblasts (CEF) and chick 
embryo kidney cells (CEKX) were employed in these 
studies. The methods of Dulbecco (1952) were generally 
followed in preparing CII cells, whereas CEK cells 
were prepared according to the Wright and Sagik 
(1958) modification of the procedure of Buthala and 
Mathews (1957). Pressed bottom 100-mm Petri dishes 
were used for cultivation. 

Virus. Newcastle disease virus, strain NJ-KD, and 
vaccinia virus were used in these experiments. Virus 
stocks were prepared from infected allantoic fluid and 
stored frozen in 1-ml] aliquots. For use, virus was diluted 
in Hanks’-LH and suitable 10- or 100-fold dilutions 
made. When required, titrations were usually carried 
out by the standard Dulbecco procedure (Dulbecco, 
1952). 

Media. 

1. Earle’s-LYB. This is a double strength medium 
consisting of double strength Earle’s balanced salt 
solution, 1 per cent lactalbumin hydrolyzate, 0.2 per 
cent yeast extract, and 0.2 per cent crystalline bovine 
plasma albumin.* 

2. “Tris”-LYB.4 This is similar to Earle’s-LYB 
except that the NaCl concentration is increased to 
1.44 per cent, NaHCO; reduced to 0.22 per cent, and 


The presence of these compounds in filtrates and purified 
preparations of culture AV/1 was established by Dr. J. W. 
Hinman and his associates of the Departments of Biochemistry 
and Microbiology, The Upjohn Company. 

Armour Laboratories, Chicago, Illinois. 

‘Unpublished medium developed by Dr. A. S. Kaplan, 
Albert Einstein Medical Center, Philadelphia, Pennsylvania. 
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0.24 per cent tris(hydroxymethyl)aminomethane (ad- 
justed to pH 7.4 with 1 nx HCl) added. 

3. Hanks’-LH. This medium consists of Hanks’ 
BSS (balanced salts solution) plus 0.5 per cent lactal- 
bumin hydrolyzate. 

The double-strength media also received 400 units of 


penicillin, 400 yg of streptomycin sulfate, and 200 
units of mycostatin per ml. 
Preparation of test solution. For test, DAHP was 


dissolved in sterile distilled water at 50 mg per ml and 
diluted to 10, 5, 2.5, and 1.25 mg per ml. Psicofuranine 
was dissolved in distilled water at 40 mg per ml and 
diluted in Hanks’ BSS to 8, 4, 2, and 1 mg per ml. 
Fermentation beers were clarified by centrifugation 
and then sterilized by Seitz-filtration. Dilutions were 
then made in Hanks’ BSS. 

Antiviral assays. Tests for anti-NDV activity were 
performed on virus-infected suspensions of CEF cells 
in agar (Cooper, 1955) or by a modification of the 
cell monolayer technique. The base layer for the agar- 
suspension method was prepared by pipetting 6 ml 
per plate of equal volumes of 1.8 per cent agar® and 
“Tris”-LYB. 

The poured plates were allowed to set and then 
incubated at 37 C in an atmosphere of 8 per cent CO, 
until ready for use. 

For overlay, 0.5 ml of cells (1.7 X 10° per ml) was 
pipetted into 10-ml test tubes and warmed in a 37 C 
water bath. One-tenth milliliter of appropriately diluted 
virus, warmed to 37 C, was mixed with the cells followed 
by 2 ml of the nutrient agar medium kept warm at 44 
C. The suspension was gently mixed, quickly poured, 
and spread evenly over the base layer and allowed to 
set. For uninfected controls, 0.1 ml Hanks’ BSS con- 
taining 0.5 per cent lactalbumin hydrolyzate (Hanks- 
LH) was substituted for virus. To test for antiviral 
activity, a sterile 12.7-mm filter disc® was placed on 
the virus-containing agar surface and 0.08 ml of the 
test solution pipetted to the disc, using a 0.2-ml pipette. 
Four discs were normally used per plate. The plates 
were inverted and stored in the gassed incubator for 
72 hr. The plates were then stained for 2 hr with 5 ml 
of a 1:10,000 solution of neutral red in Earle’s BSS. 
The stain was drawn off into a trap containing Mer- 
cresin’ and the plates observed for plaque suppression 
and toxicity to the host cells. 

The monolayer procedure was modified by incor- 
porating NDV in the agar overlay. CEK monolayers 
were washed once with Hanks’ BSS. One-half milliliter 
of the virus was added to 0.8 ml of Earle’s LYB in a 
10-ml test tube and the mixture was warmed in a 37 C 
water bath. To this was added 1.3 ml of 1.0 per cent 
agar held at 44 C, the contents gently mixed, quickly 


5 Noble Agar, Difeo Laboratories, Detroit, Michigan. 
6 Schleicher and Schuell Company, Keene, New Hampshire. 
7 The Upjohn Company, Kalamazoo, Michigan. 
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poured over the washed CEK monolayer, and evenly 
distributed. The agar was allowed to set at least 15 
min before the test solutions were applied. Plates were 
then stored right side up in the gassed incubator for 45 
min, followed by 6 ml of the standard overlay agar 
medium which was carefully pipetted and allowed to 
spread evenly without disturbing the discs. The plates 
were then incubated right side up in the gassed incu- 
bator for 72 to 96 hr before staining as heretofore 
described. 

Several differences from NDV were manifested by 
vaccinia in the plaque suppression test, governed by 
its larger size and by biological characteristics. When 
incorporated in agar, only 0.1 per cent of the virus was 
capable of initiating plaques. This low efficiency was 
not appreciably altered when the agar concentration 
was varied between 0.35 and 0.9 per cent suggesting 
that only virus at the cell-agar interface were infective. 
Therefore, the following procedure was used for all 
tests against vaccinia: 
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One-half milliliter of virus was pipetted to washed 
CEK monolayers. The plates were gently rocked every 
15 min. for 1 hr. Following incubation, 2.6 ml of 1-arle’s. 
LYB agar were poured, the agar allowed to set, arid test 
solutions applied. When all the dises were in piace, § 
ml of the overlay agar were added and the plate~ were 
returned to the gassed incubator for 96 hr. 

When the ‘plates were stained with neutral red. 
active samples gave a zone of pink-colored cells vir ually 
free of plaques, in contrast with the lysed, unstained 
areas beyond. The diameter of these zones were deter. 
mined by measuring across the dise with a 15-cem. ruler. 
When measurements could not be made immediately 
following staining, the cells were fixed by adding about 
4 ml of Zenker’s solution’ for 30 min. The staining 


5 Potassium dichromate, 2.5 per cent; mercuric chloride, 0.5 
per cent. The compounds were dissolved in distilled water with 
gentle warming. When used to fix stained cells, 0.2 ml of glacial 
acetic acid was added per 9.8 ml of the above solution. 





Figure 1. Effect of 8-diethylamino-a-hydroxypropionaldehyde-HCl (DAHP) in Neweastle disease virus (NDV)-infected and un- 
infected suspensions of chick embryo fibroblasts in agar. Vertical discs: 10 mg per ml of DAHP in Hanks’ balanced salt solution 
(BSS). Horizontal dises: Hanks’ BSS only. The halo of unstained cells surrounding the DAHP-treated dises in both virus-infected 
and uninfected plates is due to the compound’s toxicity. The cells protected from NDV in the infected plates show up as a ring 
of stained cells immediately beyond the toxie zone. 
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wontrasts of lysed and unlysed cells thus retained made 
it possible to read the plates at convenience. 

Bioautography. Paper chromatographic methods were 
applied to DAHP and anti-NDV active filtrates of 
an actinomycete culture, AV/1. The specific appli- 
cations of the procedure to the two materials will be 
described in the following sections. 


RESULTS 
Studies on Newcastle Disease Virus 


Filter-dise tests on DAHP. The antiviral effect of an 
active substance is expressed as suppression of plaque 
development (figure 1.) This can be best visualized at a 
ratio of virus to cells such that confluent lysis is ob- 
tained. At 10 mg per ml, DAHP was also toxic as 
shown by the clear halo immediately around the filter 
disc. The size of the zone of plaque inhibition was a 
function of dose. Two dose-response curves obtained in 
a Cooper plate and by the modified monolayer method 
are shown in figure 2. It is seen that a more sensitive 
linear response was given by the monolayer method; 
the slope is suitable for possible assay procedures. 

Paper chromatography of DAHP. Yor virus-infected 
11's by 


cell bioautographs, Pyrex baking dishes, > 
715 by 134 in., were used. For the base agar layer, 
43 ml of 1.8 per cent agar and 43 ml of “Tris”-LYB 
were mixed and poured. The overlay consisted of 6 ml 
of cell suspension, 1.2 ml of NDV, and 18 ml of the 
“Tris” agar medium. One milligram of DAHP was 


applied per !y9-in. strip and developed with a number 
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Figure 2. Dose-response curves obtained with 8-diethylami- 
no-a-hydroxypropionaldehyde-HCl against Newcastle disease 
virus in agar suspension cultures and monolayers of chick 
embryo cells. 
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of solvent systems routinely used in our laboratories. 
The strips were dried and plated out on the virus- 
infected cells, three per tray. The trays were then 
placed for 20 min in the gassed incubator and the strips 
removed. The trays were returned to the incubator for 
72 hr. Parallel strips were sprayed with Tollen’s reagent 
and the positions of the compound with each of three 
solvent systems as revealed by the two methods are 
shown in table 1. 


TABLE 1 
Comparative Ry values of DAH P* 


Systemt Tollen’s Virus Bioautograph 
I 0.17 0.17 
I] 0.20 0.25 
II] 0.61 0.64 


* 8-Diethylamino-a-hydroxypropionaldehyde-HCl. 

+ System I: 81 per cent n-butanol; svstem II: 81 per cent 
n-butanol, 0.25 per cent p-toluenesulfonic acid; system ITI: 
81 per cent n-butanol-acetic acid-water (2:1:1). 


TABLE 2 


Activity of some AV/1 beers against NDV* 


Medium No. ZT, mm Diameter? ZI, mm{Diametert 


1 Trace 18.5 
2 Trace 21 
3 Trace lrace 
4 Trace 20 
5 Trace rrace 
6 16.5 20.5 
7 15 19.5 
8 0 15 
* Newcastle disease virus. 


+ ZT = zone of toxic effect against the host cell; ZI = 
zone of virus inhibition. 
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Figure 3. Paper chromatographic pattern of filtrate of cul- 
ture AV/1. 
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The two methods agreed closely, indicating that the 
virus bioautograph can be an exceedingly accurate 
tool. 

Filter-disc culture AV/1. Sterile 
filter discs were dipped in beer filtrates of culture AV/1 
and spotted on cell monolayers. A number of experi- 
mental fermentation media were tested and showed a 
distribution of activity intensity as measured by the 
size of zone of plaque suppression (table 2). 

The small amount of cell toxicity observed in the 
test could be attributed to the presence of trace amounts 
of streptolin and streptothricin which are known to be 
cytotoxic agents, as suggested by paper chromato- 
graphic evidence. 

Paper chromatography of AV 1 beer filtrates. Approxi- 
mately 150 ul of beer from medium no. 2 was spotted 
and duplicate strips were developed with various 
solvent systems until the solvent front had progressed 
approximately 12 in. from the origin. The strips were 
dried, cut into 3-in. lengths, and plated on NDV in- 
fected and uninfected CEK monolayers. Following 45 
min incubation in an ungassed 37 C 


tests of beers of 


incubator, the 
strips were removed and the plates stored in a gassed 
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incubator. After 72 hr, the plates were examined for 
antiviral activity and toxicity to the host cells. Lepre. 
sentative paper chromatogram patterns of the AV | 
antiviral activity in solvent systems I, IT, and [{T aye 
diagrammatically represented in figure 3. 

System II separated out two active spots whiereas 
system III resolved AV/1 into three active components. 
In none of the systems employed was more that three 
active spots obtained. This appeared to lend confirma. 
tion to the chemical studies which indicated that AV | 
contained, at the most, three antiviral substances, 

rom figure 3 it can also be seen that a small origin 
spot of cell toxicity was obtained with all three systems, 
A small amount of the cytotoxic antibiotics, streptolin 
and streptothricin, was formed in medium no. 2. The 
substances show little or no mobility in systems [, II, 
and III as has been demonstrated repeatedly using 
bacterial bioautographs; therefore, this cell toxicity 
can be attributed to the two antibacterial agents. 


Studies on Vaccinia Virus 


The antivaccinial activity of psicofuranine was 
first detected in fermentation filtrates of the producing 





Fig. 4. Effect of psicofuranine on plaque formation by vaccinia when applied 0, 4, and 22 hr following infection. 
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atinomycete. This compound was not active against 
XDV in our test; on the other hand, DAHP was in- 
effective against vaccinia. 

Filter-dise tests of psicofuranine. Psicofuranine was 
distinctly active against vaccinia when 0.08-ml amounts 
fom solutions of 2 to 8 mg per ml were applied to the 
lises, and slightly active at | mg per ml. The compound 
continued to suppress plaque formation although at a 
somewhat reduced intensity when applied 4 hr following 
infection, but was ineffectual when applied 22 hr 
following infection (figure 4). 

It has been shown that psicofuranine consists of a 
j-amino purine base linked to the unusual sugar, b- 
psicose (Schroeder and Hoeksema, 1959). Apparently, 
the intact molecule is needed to manifest the antiviral 
efleet since D-psicose was inactive at concentrations as 
high as 10 mg per ml. 

Unlike DAHP or the kethoxal-type compounds, 
psicofuranine does not manifest virucidal properties. 
Incubation of active levels of compound with virus 
for 2 hr at 37 C did not give significant reduction of 
virus titer attributable to 
thermal inactivation. The structure of the compound, 


above a small decrease 
that of an abnormal hexoside, suggests that psico- 
fuwranine prevents intracellular viral multiplication, 
possibly by interfering with deoxyribonucleic acid 
synthesis de novo. It is also noteworthy that the anti- 
hiotic showed little or no cytotoxicity to either CEK or 
CEF monolayers. 


DISCUSSION 


The sensitivity of the methods in vitro described in 
| this paper compared favorably with tests in embryo- 
nated eggs on a dosage basis. When titrated against 
NDV infection in ovo, DAHP was active at a minimal 
inhibitory dose of 0.75 mg per egg. Titration against 
NDV in CEK monolayers by the filter-dise method 
gave a minimal inhibitory dose of 0.1 mg per disc. 

Another interesting use for the methods is the 
separation and identification of cytotoxic contaminants 
of the compound of interest. Thus, the antiviral activity 
of 2 compound could be detected in vitro in those cases 
where its effect was ‘“‘masked” in vivo by associated 
toxic materials. It may also be possible early in the 
developmental stage to determine whether the activity 
itself is likely to be cytotoxic and, from paper chro- 
matographic data, to possible means of 
separating out toxie impurities from the compound of 
interest. 


indicate 


[t should be pointed out that not all potential anti- 
viral agents will be detected by a tissue culture method. 
Certain compounds which suppress the severity of the 
animal’s response to the viral infection such as the 
anti-inflammatory compound, xerosin (Groupé et al., 
1954), may not be active in a system in vitro. 

We believe the techniques described in this paper 
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will enable investigators to screen for and study anti- 
viral agents in natural biological materials in the same 
precise and systematic way that antibacterial activities 
are studied. 


ADDENDUM 


Since preparation of this paper, E. C. Hermann, 
Jr., J. Gabliks, C. Engle, and P. L. Perlman (1960) have 
published a similar procedure: Agar diffusion method 
for detection and bioassay of antiviral antibiotics. Proc. 
Soc. Exptl. Biol. Med., 108, 625-628. 
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SUMMARY 


The application of cell monolayers and agar-cell 
suspensions to the study of antiviral compounds is 
described. Qualitative and quantitative methods have 
been developed using the antiviral compounds 8- 
diethylamino-a-hydroxypropionaldehyde 
furanine as models. Observations have been also 
extended to active fermentation filtrates of an actino- 
mycete including paper chromatographic resolution 
of the active components of the beer. 


and psico- 
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. . . . . - . . . a 
gastroenteritis of unknown etiology reported to the idwards (1958) pointed out that, in any considera- was fo 


National Office of Vital Statistics in 1958 (Dauer and 
Davids, 1959). Those authors pointed out that “‘since 
only a fraction of the outbreaks caused by staphylococci 
and salmonellae and other organisms appear to be 
reported, the real extent of the foodborne diseases is 
unknown.” The accepted role of poultry in the epi- 
demiology of human salmonellosis is evidenced by the 
statements of Edwards, Bruner, and Moran (1948) 
that fowls are the greatest reservoir of Salmonella in 
this country and that a high incidence of a given type 
of Salmonella in a certain locality is accompanied by a 
high incidence of the same type in man. 

Frequent occurrence of Salmonella on carcasses and 
equipment in chicken and turkey processing plants has 
been adequately demonstrated by such studies as 
those of Browne (1949), Schneider and Gunderson 
(1949), Gunderson, McFadden, and Kyle (1954), and 
Galton et al. (1955). Isolation of this organism from 
carcasses in retail stores has been reported by Felsen- 
feld, Young, and Yoshimura (1950). Walker and Ayers 
(1956), however, were unable to isolate Salmonella 
from outer skin and body cavity surfaces. They agreed 
with Gunderson et al. (1954) that the most probable 
sources of these organisms are the viscera and intestinal 
contents. Browne (1949) demonstrated that infected 
birds grossly contaminated the environment during 
processing, with resultant contamination of carcasses. 
The methods of most investigators have not been 
critical enough to identify the source of Salmonella on 
equipment or carcasses—whether from human carriers, 


1 This work financed, in part, under basic memorandum of 
agreement no. 12-25-020-2276 between Agricultural Marketing 
£ £ £ 
Service and Regents of the University of California. 


from 
animals to man, it is desirable first to establish th 


tion of preventing transmission of a disease 
incidence of the condition in man and in the animal 
reservoir. Any attempt to deduce incidence in fow! 
from the reports of diagnostic laboratories produces 
invalid data, for obvious reasons. The only practical 
method of acquiring adequate data on incidence in a 
population of meat birds is by random samplings oi 
poultry being processed for human consumption, with 
the method designed to detect not contamination, but 
active infection or a carrier state in individual car- 
Casses. 

Galton et al. (1955) reported two small random sam- 
plings: one of tissues and cecal feces of 129 chicken 
fryers (negative results) and one of cloacal swabs of 53 
hens (one isolation). Brobst, Grunberg, and Gezon 
(1958), from what appears to be the only other simil: 
sampling, reported negative results from cloacal swabs 
of 263 chickens and one isolation from cloacal swabs 
of 28 ducks. 

Herein are the results of a survey designed to deter- 
mine the incidence of Salmonella infection in poultry 4 
at the time of slaughter. 


MATERIALS AND METHODS 


Samplings were made over a period of 20 months in 
eight large processing plants in the Sacramento and 
San Joaquin valleys of California, and one in the San 
l'rancisco area. The plants process fryer chickens, hens, 
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and turkeys from all areas of northern California, and 
turkeys from Nevada. The plant visited for each of the | 
53 samplings was randomly selected. | 
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jlways be achieved in the selection of individual sam- 
ples. Routine procedure was to sample every 100th 
wreass as it passed the official inspection point. In 
jldition, some carcasses showing evidence of disease 
yere sampled; in such cases the 10th normal carcass 
jllowing was also sampled. The entire liver and a 
wction of the intestines, including the cecum, were 
arefully excised from each sample carcass; the samples 
were placed in labeled half-pint ice cream cartons, 
yhich were then sealed and covered with ice in alumi- 
num canisters for transportation to the laboratory at 
Davis. Six “mass” samplings of intestines only were 
made in turkeys. These were accomplished with every 
*¢nd to 4th carcass either by excising the cecal area of 
the intestine or by inserting a sterile cotton swab deep 
into the intestine via the vent and immediately placing 
the swab in a tube of enrichment broth. The instru- 
ments used were washed in water and immersed in 
alcohol between each sampling. 

The tissues were cultured either immediately after 
urival at the laboratory (4-hr interval) or after holding 
overnight at 4 C (24-hr interval). This holding period 
was found not to adversely affect the recovery of Sal- 
monella (Yamamoto ef al., 1961). 

Kor recovery of Salmonella from the intestine, the 
routine procedure was the aseptic removal of pieces of 
cecal tonsil and feces from each sample for incubation 
in enrichment broth. After 18 to 24 hr at 37 C, all 
broth cultures were subcultured in a selective agar 
medium. Lactose-negative colonies developing on agar 
medium within 24 to 48 hr were identified by routine 
procedures. Cultures giving biochemical reactions 
characteristic for Salmonella and agglutinated by poly- 
valent Salmonella antiserum were sent to the California 
State Department of Public Health for typing. 

At first, both selenite broth and SS (Salmonella- 
Shigella) agar? were used for isolation of Salmonella. 
Various other media were tested, however, in an 
attempt to improve recovery rate and reduce the inci- 
dence of Proteus sp., which appeared constantly. The 
media that appeared most satisfactory were selenite- 
cystine broth for enrichment and brilliant green agar 
us selective agar (Yamamoto et al., 1961). These were 
therefore used for the bulk of the isolations. 

When paired cecal and liver samples were taken from 
’ given carcass, the liver was seared and bits of tissue 
were obtained well below the sterilized surface and 
seeded onto (a) blood agar, (b) tryptose broth enriched 
with horse serum (2 per cent), and (c) thioglycollate 
medium. Routine procedures were used to identify 
the organisms that developed in these media. 

About 45 paired samples were taken for each sam- 
pling day except for six mass samplings of intestines 
(in turkeys only). The number of lots (flocks) processed 
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during any one sampling varied from one to four. On 
21 of the sampling days only turkeys were processed 
in the plant selected; on 14 days only fryer chickens; 
on 12 days only chicken hens. Both turkeys and fryer 
chickens were processed in the same plant on 1 day; 
both turkeys and chicken hens on 1 day; and both 
fryer chickens and hens on 4 days. 


RESULTS AND Discussion 

Species of Salmonella were isolated from the intes- 
tinal tracts of infected birds being processed on 16 
(30 per cent) of the 53 sampling days. They were found 
in turkeys on 10 (43 per cent) of the 23 days they were 
being examined; in chickens on 5 (19 per cent) of 19 
days; and in hens on 2 (12 per cent) of 17 days. As- 
suming that the methods gave a suitable degree of 
randomness, one might conclude that these figures 
suggest the probable percentage of time in days during 
which carcasses being processed are subject to con- 
tamination by Salmonella from within the birds them- 
selves or from birds processed concurrently. Since 
multiple flocks were processed on some of the sampling 
days, a total of 94 flocks were sampled; with some in- 
dividual flocks, however, the adequacy of the sample 
remains a question. Twenty-one flocks (22 per cent) 
were found to contain infected birds; 13 (37 per cent) 
of 35 turkey flocks, 5 (18 per cent) of 28 fryer flocks, 
and 3 (10 per cent) of 31 chicken hen flocks. 

The positive sampling results are detailed in table 1 
for chicken fryers and hens, and in table 2 for turkeys. 
Total samples and the per cent positive are listed both 
for sampling days and for individual lots or flocks. 
Where both chicken fryers and hens were in the same 
sample, only the isolation percentage for the respective 
class is listed. Each isolate listed represents an indi- 
vidual carcass sample and not a replicate culture from 
a single sample. In no instance was Salmonella isolated 
from a liver; two lots of fryer chickens, however, yielded 
the organism from the pericardial exudate as well as 
from the intestines; gross pathology in these fryers was 
typical of colibacillosis with extensive fibrinous peri- 
‘arditis and perihepatitis. Hearts, although not rou- 
tinely sampled, were sampled in these two lots since 
extensive gross lesions were observed. Several lots of 
fryers and fowl yielded Paracolobactrum Sp., but none 
were typed as being in the Arizona group. 

Table 2 lists the results from sampling turkeys by 
two different methods. The first group of 17 samplings 
(6 positive) was made by routine procedures described 
above for all three classes of carcasses. The second group 
of six (four positive for Salmonella and a fifth positive 
for Arizona type Paracolobactrum) were ‘‘mass’’ sam- 
plings made by taking cecal tonsils from series YY and 
cloacal swabs from the other five. Paired samples, con- 
sisting of (a) cloacal swabs and (b) cecal tonsils and 
feces, had been taken during several earlier samplings 
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(three positive isolations). Although isolations were 
not always made from the same carcass by the two 
methods employed, the total isolations were the same 
by each method in the respective sampling series (1 
isolation by each method from 30 samples, 4 by each 
from 65, and 2 by each from 50). Therefore, it was 
felt that data derived by either method could be con- 
sidered of equal validity. Cloacal swabs were made 
without reference to the presence or absence of gross 
pathology. 

Salmonella typhimurium was the type most frequently 
isolated from turkeys (43 of 57 isolates), as expected, 
but, surprisingly, also was found in 2 of the 3 positive 
flocks of chicken hens. Salmonella infantis and Sal- 
monella bredeney predominated in the fryer isolates, 
with the former being present in 4 of the 5 positive 
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flocks. Numerous Paracolobactrum were isolate:| from 
the 35 turkey flocks, but only 1 flock yielded Arizon, 
type. The carcasses from which intestinal isolates werp 
made showed gross pathology warranting con:lempg. 
tion of 16 of 21 chicken fryers (76 per cent) anc 
fowl (50 per cent), but only 2 of 17 turkeys 
cent). 


» - | 
9 Ob 


12 pe 


The statistical adequacy of a sample depends on th; 
probability of occurrence of an event in a populatio) 
to be sampled and the level of confidence desired. If oy, 
arbitrarily estimates an incidence of 1 per cent, th 
number of samples required will be 299 for a 95 per cen 
confidence level and 459 for a 99 per cent level. Limits. 
tions of laboratory facilities, time, and personnel pre. 
vented taking such large samples routinely. ‘Mass’ 
samplings were made in 6 instances, however, with 


TABLE 1 


Tsolations o} 
Carcasses Tested per Series 
Sample Series* = acini 


Flock 


Fryers 


‘Salmonella from intestines of chicken carcasses randomly selected during commercial processing 


Carcasses Tested per Flock 


ae Salmonella Infectionst 


Number Per cent positive Number Per cent positive 
Hens 
NN 35 11.4 | 1S 0 
2 17 23.5 S. infantis, 4 strains 
AA 17 4.3 l t + 
2 14 1.1 S. typhimurium, 1 strain 
3 33 3.0 S. typhimurium, 1 strain 
15)§ 437 0 (27) 
17 519 1.16 3] 
I 6 26.8 l 25 0 
2 31 18.4 S. bredeney, 3 strains; S. infantis, 
strain; Salmonella sp., 11 strains 
(13) (46.2) S. bredeney, 5 strains; Salmonella sp 
1 strain 
AA 16 12.5 1 16 12.5 S. infantis, 1 strain; S. worthinglon, 
strain 
> = =— 
3 — + 
\ 71 1.4 ] 31 0 
2 
3 
CC 58 3.4 l 
9) 
3 
\ 50 2.0 1 
2 
(14)§ 560 4) (17) 
19 SIl 2.59 28 
* Random sampling made on a given day. 
+ Each isolate is from an individual careass. 
t Fryers processed on same day. 
§ Number of series with negative results. 
« 


| Hearts sampled. 
Hens processed on same day. 


13 Ta S. infantis, 1 strain 

(11)9 (9.1) S. infantis, 1 strain 
27 0 

32 6.3 S. infantis, 2 strains 
4 0 

22 0 

20 0 

30 3.3 S. heidelberg, 1 strain 
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sample numbers ranging from 98 to 386. Four of these 
§ yielded Salmonella, and 5 of the 6 yielded either 
Salmonella or Arizona type Paracolobactrum. In the 
17 turkey samplings with small sample numbers, in 
contrast, only 6 yielded Salmonella or Parcolobactrum 
of this type. It may be noted that the only negative 
“mass” sample is the one that had a sample number 
of only 98. Seventeen isolations were made from 674 
turkey intestinal samples taken by routine small-sample 
per cent and 42 
(counting 2 Arizona type Paracolobactrum) isolations 


procedures for an incidence of 2.52 


were made from 1,706 intestinal or cloacal samples 
taken by mass sampling techniques for an incidence of 
2.34 per cent. The comparability of these two incidence 
rates Suggests that some degree of randomness was 
achieved and that the lower percentage of flocks or 
sample days from which Salmonella was isolated by the 
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small-sample method could be attributed to inadequacy 
of sample. One might further reason that, if the size 
of the samples had been raised to the range necessary 
for a 99 per cent confidence level, an even greater per- 
centage of positive sampling periods (approaching 100 
per cent) would have resulted. 


SUMMARY 


fandom sampling of market meat birds was con- 
ducted by methods designed for the detection of Sal- 
monella infection in individual birds. Salmonella was 
usually associated with disease processes in fryer 
chickens but seldom in turkeys. Infected or carrier 
birds were found being processed on 43 per cent of the 
sampling days for turkeys, 26 per cent for chicken 
fryers, and 12 per cent for hens. With turkeys, Sal- 
monella-infected birds were detected on twice as many 


TABLE 2 


Isolation of Salmonella from intestines of turkey carcasses randomly selected during commercial processing 


Carcasses Tested per Series 
Sample Series* |——— - - 


Flock 


Number Per cent positive Number Per cent positive 
Routine Procedures 
K 48 8.3 1 6 0 
2 8 12.5 S. typhimurium, 1 strain 
3 34 8.8 S. typhimurium, 3 strains 
CCC 50 8.0 S. give, 2 strains; S. anatum, 2 strains 
OO 39 ree | S. typhimurium, 3 strains 
I 19 6.1 | S. typhimurium, 3 strains 
H 45 1.4 it 0 
2 45 4.4 S. typhimurium, 2 strains 
P 59 LZ 1 7 14.3 S. san diego, 1 strain 
2 52 0 
(11)§ 384 0 (14) 
17 674 2.52 23 
Mass Samplings 
Yy 370 5.1 S. typhimurium, 14 strains; S. anatum, 
4 strains; S. derby, 1 strain 
AB 320 6.3 1 21 4.8 | S. san diego, 1 strain 
2 89 Fel S. bredeney, 1 strain 
3 129 0 
4 81 21.0 S. typhimurium, 17 strains 
AD 205 0.5 S. javiana, 1 strain 
BBB 386 0.26 | S. panama, 1 strain 
AC 327 0 (0.61) | (Arizona type Paracolobactrum, 2 
strains) 
\AA 98 0 (4) 
6 1,706 2.34 (2.46)f 12 
23 2,380 2.40 (2.48)t 35 | 


* Random sampling made on a given day. 
Each isolate is from an individual carcass. 


; Fryer chickens processed the same day. 


§ Number of series with negative results. 
« 


Including 2 Arizona type Paracolobactrum. 


Carcasses Tested per Flock 


Salmonella Isolationst 
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sampling days with mass sampling as with small- 


sample techniques. 
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Edwards and Ewing (1955) make the statement in 
an authoritative text on the isolation and identification 
of Enterobacteriaceae that the “enrichment and plating 
medium to be used are dictated by the particular cir- 
cumstances under which one is working.” Browne 
(1949) had found this to be true in his development of 
methods to isolate Salmonella typhimurium from turkey 
feces and tissues. In a survey of market poultry for 
Salmonella (Sadler et al., 1961) and a study of Sal- 
monella infection in adult turkeys (Yamamoto ef al., 
1961) it became apparent that the validity of the re- 
sults would be greatly influenced by the media and 
techniques used for isolation. This paper reports the 
results of comparisons of some recently described, as 
well as older media in the isolation of S. typhimurium 
under the conditions of the survey and experiments 


mentioned above. 


MATERIALS AND METHODS 


The source of material for this study and the quan- 
titative methods used are described by Yamamoto 
et al. (1961). 

Kfficacy was compared for one specimen preserva- 

1 This work supported, in part, under contract no. 12-25- 
110-854 between the Agricultural Marketing Service and the 
Regents of the University of California. 
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tive, four enrichment broths, and four different agai 
media. The specimen preservative used has been re- 
ported by Hajna (1955); it yields a greater number oi 
isolations of Salmonella from stool specimens than is 
yielded by saline or buffered-glycerol-saline. He attrib- 
uted the efficacy of this solution as possibly due to 
inhibition of growth of extraneous bacteria and thus 
concurrent maintenance of the enteric pathogens at a 
constant level. 

The four enrichment media were: (a) tetrathionate 
broth? modified by the addition of brilliant green (CGal- 
ton, Scatterday, and Hardy, 1952); (b) selenite broth’ 
modified by the addition of cystine (North and Bar- 
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tram, 1953); (c) selenite-brilliant-green sulfapyridin 
broth prepared according to the formula of Osborn 
and Stokes (1955); (d) tryptose phosphate broth.? The 
last named broth was used as a primary enrichment to 
test whether the usefulness of a selective-enrichment 
broth may not be due so much to its selective ingre- 
dients as to its fluid quality (Thomson, 1955). Th 
agar media consisted of brilliant green (BG) agar, 
(BS) agar,? SS (Salmonella-Shigella 


bismuth sulfite 


agar,’ and brilliant green agar plus 0.1 per cent sulfapy- 


ridine (BGS) (an amendment recommended by Osborn 


2 Difco Laboratories, Inc., Detroit, Michigan. 
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and Stokes (1955) for inhibition of Proteus sp.). All 
medi: except the broth of Osborne and Stokes were 
prepared from commercially dehydrated products. 
With some of the media, certain ingredients were added 
ys recommended by the authors. lor testing, samples 
were first inoculated into enrichment broths and sub- 
sequently plated to one or several combinations of 
agar media. 

DIscUssION 


RESULTS AND 


Some studies and observations on the quantitative 
methods. In a previous study (Yamamoto ef al., Un- 
published ) Salmonella was quantitated from tissues 
of infected birds and other material. This required 
highly selective media, which, although used routinely 
for Salmonella culture, conceivably could inhibit their 
growth. An experiment was conducted to determine 
the extent of any such inhibition by comparing the 
number of colonies of S. typhimurium obtained by 
seeding an 18-hr culture on highly selective (brilliant 


esreen agar), moderately selective (MacConkey agar), 


TABLE 1 
Comparisons of media and methods for enumeration of 


Salmonella typhimurium 
Media 


Counting Method Total Count per Ml* 


Drop-platet Brillian green agar 11.8 & 105 
MacConkey agar 11.4 X 108 
Pour-plate Brilliant green agar 13.5 X 108 
Tryptose agar 15.2 * 10° 


MPNt Selenite broth to bril 20.0 * 105 


liant green agar 


* The test culture was an 18-hr broth culture used for the 
feeding experiment (Yamamoto ef al., 1961). 

+ Of the dilution to be tested 0.01 ml was dropped on the 
agar media, 5 drops per dilution. 

t Most probable number for three tubes per dilution. 


METHODS FOR ISOLATION OF S. TYPHIMURIUM 





and nonselective (tryptose agar) media. As shown in 
table 1, counts were similar in magnitude with the 
three types of media. Thus the selective media did not 
inhibit S. typhimurium to an extent that would be 
misleading in final evaluation of the counts. In addi- 
tion, results were also comparable using three counting 
methods: drop-plate, most probable numbers (MPN), 
and pour-plate techniques. 

lurther observations on counting methods were as 
follows. With highly contaminated samples, more than 
10° salmonellae per g of sample were required for posi- 
tive results by the drop-plate method; at lower dilu- 
tions the inoculum was invariably overgrown with 
coliforms. Under optimal conditions at least 10° sal- 
monellae per ml were required for accurate enumera- 
tion by this method (e.g., 0.01 ml from a 107! dilution 
of a sample would calculate as a 10~* dilution). The 
MPN method, being more selective, detected organisms 
as well at the lower as at higher dilutions. Nevertheless, 
the drop-plate technique, aside from its shortcomings, 
has a 2-fold advantage: (a) it is simple to perform, and 
(b) counts may be obtained in 24 hr. The MPN method, 
in contrast, takes at least 48 hr. 

As indicated earlier, some samples were assayed 
quantitatively 24 to 48 hr after collection. Experiments 
showed that, in general, viability was not much affected 
by storage of the samples in the refrigerator for a few 
days (table 2). Also determined was the efficacy of a 
preservative medium, described by Hajna (1955), for 
maintaining Salmonella numbers at a stationary level. 
Initial suspensions of two fecal samples in Ringer’s 
and in Hajna’s SP solutions were used as stock sus- 
pensions from which serial dilutions were made in 
Ringer’s diluent for quantitative determination. After 
initial zero-time counts, each suspension was divided 
into two equal parts: one set was placed in the refrigera- 
tor and the other left at room temperature. Final counts 
were made after 24 hr. As shown in table 3, feces sus- 
pended in Ringer’s solution and held 24 hr at room 


TABLE 2 


| 


Sample No Material* Counting Method} 
l IF Drop-plate 1.54 
Drop-plate (MPN) 3.5 
MPN 2.5 
2 CI Drop-plate 6.6 
Drop-plate (MPN) 2.5 
MPN 2.5 
3 IF Drop-plate 3.4 
Drop-plate (MPN) 5 

IF = intestinal feces, CF = cecal feces. 


i See text for description of the counting methods used. 


xX X X 


xX XK X 


Effect of various storage periods at 4C upon subsequent quantitation of Salmonella typhimurium 





No. of Organisms Recovered at Hr: 


24 48 96 254 
106 1.28 * 10° | 1.26 K 10®| 1.96 X 106 | 2.58 * 105 
105 | | 

10°} 2.5 X 106] 2.5 xX 10°| 2.5 xX 10°| 2.5 x 106 
10° | 4.26 X 106 | 4.8 xX 108 | 7.06 X 108 | 5.04 x 107 
108 | 

10° | 4.5 xX 108} 9.5 xX 10°) 9.5 X 10° 9.5 X 106 
10° 3.58 & 108 

106 8 X 105 
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temperature showed a tremendous increase (100- to did not influence the recovery of Salmonella fm the ments 
10,000-fold) in numbers of salmonellae compared to samples suspended in Ringer’s solution. more | 
zero-time counts. Corresponding samples suspended Efficacy of selected media for isolation of typhi-& The 
in SP preservative showed no such increase. murium. In the first series of cultures (table 4) «ill pos. posit i 

Aliquots held in the refrigerator, regardless of type sible combinations of four broth enrichments sid fowl glenit 
of diluent, yielded Salmonella numbers close to the plating media were evaluated with samples froin cecal and t 
counts obtained at zero time. The only difference be- feces and lungs, representing heavy and light contam. oreen 
tween the two diluents was that in the SP suspension nation, respectively. Recovery rates from the lung ohate 
extraneous bacteria were inhibited markedly. As just were disappointingly low: only 1 of 18 samples yielded thiona 
mentioned, however, the presence of other bacteria the organism—in only one of the four broth enrich-ff and 8 

When 
TABLE 3 four a 
Effect of temperature of storage and diluent* on viability of Salmonella typhimurium Gro 
_ <r | ; ae : ne ae BG a 
; No. of Organisms Recovered When Samples Were Held at: P 
Sample No. Material aceon Counting Method |; = : : = aaaaenmantenes until : 
3 0 time 24 hr. at R.T. 24 hr. at4C Salmo 
a mediu 
1 CF R Drop-plate 108 2.0 X 10! ‘elit 
R MPN 4.5 X 10? 2.5 X 10% 2.5 X 102 ; 
of the 
1 CF SP Drop-plate 10° 2.0 X 103 Pro 
SP MPN 2.5 x 19? 4.5 X 102 2.5 X 102 was a 
cover’ 
2 IF R Drop-plate 108 Coliform was 2: 
R MPN 0.4 X 10! 2.5 X 10! 4.0 X 10! ain 
2 IF SP Drop-plate 108 108 readil 
SP MPN 0.3 X 10! 102 102 lactos 

* The ‘‘diluent’’ was the solution in which the stock suspensions were held. 

+ CF = cecal feces; IF = intestinal feces. “a 

t A 1:10 suspension in either Ringer’s (R) diluent or in a specimen preservative of Hajna (SP) was the stock material fro a 
which dilutions and counts were made. 

TABLE 4 
Isolation of Salmonella typhimurium from cecal feces and lung samples using various enrichment and plating media* 
Broth Enrichment Bird ) 
Bird No. Tetrathionate Selenite-cystine Selenite-brilliant green Tryptose phosphate | wire, 
| No. of orgar 
BGt | BGS | BS ss | BG | BGS | BS | ss | BG | BGS | BS | SS | BG | BGS| BS | SS | isms per gram 
(wet weight 6 
= eee A. 2 = : iis ; 
Cecal feces: 6 
3 —~t—=-f—-f=-] el] el] ele]}]—-1 —-}-l4]-] -J-]- 9 7 
4 —~J/—-}—-f}—-} rf -s—-}y—-f-|]-);-}]-14]-J]-]- 8 
5 +/+) +/+] 4+) 4+)/4+}4}]-—-|}]-]-]-]-] -/]-]- 1280 
6 +} +} —-]+] 4+] +]/—-]4+}4]—-)4+]/4+]-]-]-]- 1800 5 
7 -~}-}-} -] +] +} 4+]4]}4)4+)4)]4}-]-]-]- 204 ( 
+ + _ + _ _ —]—]— ~ —|-—-j|- — — |= 30 7 
15 +/+/—-] +] tl] +l + e+] —-] -]|-}-]4+]-]-]- 573 iM 
-—- — - —— | ——_— } —_ —_ — = —- —_— —— —_—— — IS 
Total positive 

isolations. . 4 4 1 4 5 5 4 5 2 1 2 2 2 0 0 0 Total; 

Lungs: 
2 = = = ~~ = i + +|+]- — -j|-|- ~ -|- 9 18, ar 
sasiaisistacipitic = a a = = = ——— Eos listed 

* Seven out of 18 cecal samples and one out of 18 lung samples were positive. | tI 

} Agar plating: BG = brilliant green agar; BGS = brilliant green agar plus 0.1 per cent sulfapyridine; BS = bismuth sulfite tA 
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ments (selenite-cystine). The cecal feces cultures gave 





more positive results thus making conclusions possible. 
The effectiveness of the enrichment broths in yielding 
positive cultures decreased in the following order: 
selenite-cystine, tetrathionate, selenite brilliant green, 
and tryptose phosphate broth. The selenite-brilliant- 
-§ vreen broth appeared too selective; the tryptose phos- 
sf phate broth not selective enough. Plating from tetra- 
thionate broth was equally effective onto BG, BGS, 
and SS agars, but was not satisfactory onto BS agar. 
When plating was from selenite-cystine broth, the 
four agar media were equally effective. 

Growth of S. typhimurium was readily detected on 
BG and SS agars in 24 hr, but not BS and BGS agars 
until after at least 48 hr. The characteristic reaction of 
Salmonella on BS agar was easily recognized, but this 
medium was a poor choice because of the frequent for- 
mation of ill-defined colonies and rapid decomposition 
of the medium. 

Proteus organisms were inhibited when sulfapyridine 
was added to the brilliant green agar; however, re- 
covery rate of Salmonella was not improved. SS agar 
was as effective as BG agar as a plating medium; how- 
ever, Salmonella colonies on the former could not be 
readily differentiated from those of Proteus and other 
lactose-negative organisms. On BG agar, in contrast, 


TABLE 5 
Results of Salmonella typhimurium isolation from crop, 
intestinal feces, and feather washings using three 
methods of enrichment* 
Broth Enrichment 
. F Selenite- r Selenite- 
Selenite- per Tryptose one 
: . eae ies brilliant brilliant 
Bird No —— cystine green phosphate po 
turedt 
No. 
7 . _ . 7. ‘ xc organisms 
BGt BGS BG BGS BG BGS per gram 
(wet weight) 
6 Crop | — + — — - + 
1 IF —_ _ — — = st 
6 IF + a 9 t Ss 4 — 3,500 
7 IF - + _ — _ - 27 
8 IF — — - _~ + + 25 
1 FW — — - _ = + 
5) FW + -$ - - = ~ 
6 FW 5 + + = = _ 4,500 
7 FW + a _ - - - 4,500 
i FW i — = = + = 1,400 
18 FW + + + + + + 100 
Totals 7 8 3 2 3 6 


* Out of the 54 total samples cultured (feather = 18, crop = 
18, and intestinal feces = 18), only the positive samples are 
listed. 





+ IF = intestinal feces, FW = feather washings. 


4 { Agar platings; BG = brilliant green agar; BGS = bril- 
liant green agar plus 0.1 per cent sulfapyridine. 
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Salmonella colonies were readily differentiated from 
Proteus, Pseudomonas, and other extraneous lactose- 
negative organisms. As established by these observa- 
tions, the combination of choice appears to be selenite- 
cystine enrichment plus plating to BG agar. These 
results conform to those of Taylor, Silliker, and An- 
drews (1958) who found that this same combination 
of media as the method of choice for the detection and 
enumeration of Salmonella from foods. 

In a second series of cultures, the presence of the 
organism in the crop, intestinal feces, and feather wash- 
ings was determined using three broths: a highly selec- 
tive selenite-brilliant green, a moderately selective 
selenite-cystine, and an unselective tryptose phosphate 
broth. Platings were made to BG and BGS agars. The 
results (table 5) are similar to those described for cecal 
feces in the previous section. 

Also determined was the total number of organisms 
per gram of sample (tables 4 and 5). The results 
seem to indicate that the isolation using a particular 
medium is not governed solvely by the number of 
organisms present in the inoculum. Undoubtedly other 
factors, such as degree of contamination with extrane- 
ous bacteria and amount of total solids inoculated, 
affect the results obtained with the combination of 
media (Silliker and Taylor, 1958). 

Since the liver, spleen, kidney, muscle, ovaries, and 
bile were expected to contain few or no Salmonella 
and also very little extraneous contamination, cultures 
of these materials were made in selenite-cystine and in 
tryptose phosphate broths. It was hoped that some of 
the samples would contain only a few Salmonella or- 
ganisms, so that one could determine whether a selec- 
tive medium would be just as effective as an unselective 
for recovery of the organism. However, only three 
samples (from two birds) were positive for Salmonella. 
Although the data were limited, selenite broth was as 
effective as the noninhibitory tryptose phosphate 
broth in recovering organisms from the ovaries (which 
contained fewer than 8 organisms per g of tissue). 

In one cecal feces sample (7.e., table 4, cf. 13), the 
organism was recovered by tetrathionate but not by 
the other three enrichments. Since cecal feces were 
still available from that sample, another culture was 
made by inoculating all four broths in five replicates. 
Each tube was inculated with about 0.15 g of feces. 
The tetrathionate broth plated on brilliant green agar, 
24 hr after inoculation, yielded Salmonella from two 
out of five replicates. The other enrichment broth 
platings were negative. These results indicate that 
tetrathionate broth favors development of this particu- 
lar isolate, and that its isolation in this medium is not 
just by chance. Thus it appears that Salmonella is 
isolated more frequently when more than one medium 
is used, not only because of increased probability of 
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recovery but also because there is a direct interrelation- 
ship between the organism and medium concerned. 
This particular isolate was later typed as S. typhi- 
murium. 


SUMMARY 


Some observations were made on methods of enu- 
merating Salmonella typhimurium in turkeys. Four 
enrichment broths and four agar media were also com- 
pared. Experiments with pure cultures of S. typhi- 
murium indicated that the highly selective media used 
in enumerating these organism does not inhibit growth. 
Furthermore, counts were comparable using the pour- 
plate, drop-plate, and the most-probable-number meth- 
ods of enumeration. The number of Salmonella in feces 
was not changed appreciably by holding the samples 
24 to 48 hr at 4 C. Ringer’s solution was as effective as 
Hajna’s preservative medium for maintaining the or- 
ganisms 24 hr at 4+ C in suspensions of feces, although 
Hajna’s medium depressed the growth of extraneous 
bacteria markedly. Of the various media tested for 
isolating S. typhimurium from infected tissues and other 
material, selenite-cystine broth enrichment with sub- 
sequent plating to brilliant green agar gave the most 
favorable results. Within limits, the efficiency of the 
various media was not governed solely by the number 
of organisms present in the inoculum. Other factors, 
such as the presence of extraneous bacteria, amounts 
of solids, and type of selective ingredients, undoubtedly 
plaved a role. 


YAMAMOTO, SADLER, ADLER, AND STEWART 
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The cleaning, washing, drying, and powdering of 
surgical rubber gloves is a disagreeable task requiring 
agood deal of manipulation, and consequently a rela- 
tively large expenditure of man hours. It is necessary, 
too, When gloves are used in laboratories working with 
pathogens that a preliminary decontamination be 
given to prevent the gloves from becoming a source of 
infection. Graham (1957) described commercial-scale 
equipment which could wash about 900 gloves at a 
time, but it did not decontaminate, dry, or powder 
them. Mechanization of these operations seemed pos- 
sible, and the feasibility of processing gloves in a house- 
hold-size machine was jointly investigated by Whirl- 
pool Corporation, St. Joseph, Michigan, and Fort 
Detrick personnel. 

Preliminary development by Whirlpool Corporation 
included a decontamination cycle before washing, 
engineering modifications, and rubber-life tests. Be- 
cause of the mutual interest in this equipment and its 
potential savings for Fort Detrick operations, govern- 
ment personnel operated the equipment and assessed 
its performance under actual laboratory conditions. 
Tests were made in a unit of about 16 laboratories, 
where an average of about 1,200 gloves were used per 
week. Tests proved that the modified washer-dryer 
was satisfactory for preliminary decontaminating, 
washing, drying, and powdering of both the outside 
and inside of the gloves. A description of the modified 
washer-dryer and an evaluation of the equipment in 
operational use, as made under this contract, are re- 
ported in this paper. 


EQUIPMENT AND PROCEDURE 





The equipment is a modified 1957 model RCA Whirl- 
pool combination washer-dryer. It was modified in the 
Whirlpool Corporation Research Laboratories to give 
the following cycle: 

1. Machine is filled to normal fill level (3.5 gallons 
of water) with a water-control switch adjusted to de- 
| liver water at 120 to 125 F. Concentrated sodium hypo- 


_—_— (NaOCl),? to furnish 500 ppm of free chlorine, 


‘This work was supported by contract with the U.S. Army 
Cheinical Corps, Fort Detrick, Frederick, Maryland. 

‘Federal specifications: sodium hypochlorite, O-S-602, 
27 July 1950. 
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is added manually by pouring the liquid through a 
dispenser. The gloves are washed for 10 min in this 
solution. 

2. The decontamination period is followed by 1 
min of pump-out and tumble. 

3. The cycle stops and a buzzer sounds to signal 
time for adding detergent. When the timer is manually 
advanced, the washer fills automatically to normal 
washing level and 25 g of detergent (any low-sudsing, 
non-ionic type) is added to make a 0.2 per cent solution 
by weight. The gloves are washed for 5 min at 120 to 
125. F. 

4. The wash cycle is followed automatically by a 
2-min pump-out and tumble cycle. 

5. This is followed automatically by two rinses and 
pump-out and tumble cycles, of about 3 min each. 
No extract spin is used throughout the entire cycle. 

6. After the final pump-out, the timer again stops 
and a buzzer sounds to signal time for adding tale or 
starch powder. The timer is advanced manually and 
tale or starch powder is added directly on the wet 
gloves (approximately 1 g per pair of gloves). The 
powdered and wet gloves are dried by tumbling in air 
which is heated to 125 to 130 F at the inlet of the cham- 
ber. A drying time of 30 min is used but shorter times 
are adequate depending on the size of the load and the 
age of the gloves. New gloves and/or light loads dry 
most rapidly. The surgeon’s rubber gloves used weighed 
3.5 lb per 50 pairs. With this weight of glove, the ma- 
chine is most efficient with a load of 40 to 60 pairs. 

To accomplish the operations described above, the 
following modifications were made to a standard 1957 
model RCA Whirlpool washer-dryer: 

1. A special timer to give the desired cycles was 
substituted for the standard timer. 

2. The temperature-selector switches were provided 
with stops to limit the temperatures. 

3. The extract spin cycle and required controls were 
eliminated. 

4. A buzzer was added to signal for detergent and 
powder injection. 

5. Automatic air heater controls were added to ad- 
just for change in cooling due to evaporation being 
decreased when the gloves became dryer. 
































Selection of Operating Procedure 


The first stage in development of the machine was 
to determine adequate chemical treatment to effect 
preliminary decontamination. Spores of Bacillus sub- 
tilis var. niger were used as the test organisms in all 
experiments. NaOCl was selected as the chemical dis- 
infectant, because of its known lethal action to bac- 
terial spores and its relative compatibility with rubber 
gloves. The lethal effect of NaOCl on spores of B. 
subtilis was determined at various combinations of 
time, temperature, and concentration. To 4.5 ml of a 
suspension containing 1 X 10% spores in distilled water, 
was added 0.5 ml of NaOCl, at concentration sufficient 
to give the desired final concentration. After the de- 
sired time of exposure, NaOCl was neutralized with 
sodium thiosulfate and 1.0-ml samples were transferred 
to tubes containing 9 ml of phenol red dextrose broth. 
These tubes were incubated 48 hr at 86 F and recorded 
for growth. Times were varied from 0 to 35 min, tem- 
perature from 45 to 160 F, and concentrations from 
0 to 1,000 ppm NaOCl. These data are presented in 
table 1. Based on these experiments, a concentration 
of 500 ppm NaOCl, at 120 F, for 10 min contact time 
was selected as the operating conditions for decon- 
taminating surgical gloves. This recommendation al- 
lowed a safety factor on all variables, as follows: 


TABLE 1 
Inactivation of spores of Bacillus subtilis var. niger at indicated 
time of exposure, temperature of suspension, and concentration 
of sodium hypochlorite 


Growth* in PRDB Tubest When Exposure Was 
at Indicated Temperature: 


— Contact Time 
75 I 120 F 160 F 

ppm : : min ro ; 
1000 5 000 000 000 
10 000 000 000 
20 000 000 000 
500 | 5 +00 000 000 
10 | 000 000 000 
20 000 000 000 
100 5 = i tite Ig +00 +++ 
10 > 000 0++ 
20 ee eo i 000 00+ 
50 5 sa ie 5s ae ie es 
10 | +++ ae +++ 
20 | +++ ae +44 
10 5 et oe tad 
10 +++ +++ ttt 
20 +44 oe +44 





*+ = Growth; 0 = no growth. Tests run in triplicate. 


All controls were positive. 
+ Phenol red dextrose broth. 
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Time. If 500 ppm NaOCl and 120 F are held eo. 
stant, 5 min is sufficient time for decontaminat jon, 

Temperature. If 500 ppm NaOCl and 10 tin arp 
held constant, 75 F is sufficient temperature for de. 
contamination. 

Concentration. If 120 F and 10 min are held constant. 
100 ppm NaOCl is sufficient for decontamination. 

Grossly contaminated material could conceivably 
require some increase in the NaOCl added during the 
decontamination cycle. It has been pointed out thai 
100 ppm chlorine are sufficient to kill all spores unde; 
time and temperature conditions used in the machine: 
i.e. approximately 1,330 mg chlorine in the 3.5 gallons 
of disinfection solution. A sample of canine blood used 
in soiling the gloves was found to have a chlorine de. 
mand of 26.5 mg chlorine per g blood (dry weight 
basis). Based on a chlorine demand of 26.5 mg per g, 
it would take more than 200 g of blood on the gloves 
to bind sufficient chlorine to render decontaminatio, 
ineffective. 


Decontamination Action 


Tests for decontamination of gloves soiled with the 
test spores of B. subtilis var. niger were made at both 
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Whirlpool Corporation and Fort Detrick laboratories: 
Gloves were immersed in the contaminating material 
so that both the inside and outside of the glove were 
wet with the liquid suspension of spores. Two con: 
taminating materials were used: (a) an aqueous sus 
pension of spores of concentration of 1 XX 10° spores 
per ml and (b) a suspension of red blood cells con- 
taminated with spores to give a spore concentratiol 
of 1 X 10° spores per ml. In each case the gloves were 
dried in air, turned, and dried again before washing 
Based on rinse counts (Hoffman, et al., 1959; APHA, 
1953), approximately 5 xX 10° and 8 X 107 spores 
per glove, respectively, for treatment (a) and (b 


remained on the gloves at the time the decontani-[ 


nation and washing was begun. Tests for decontamin:- 
tion involved (a) culture of the whole glove in nutrient 
broth for 18 hr, then streaking on to nutrient agar 
plates, (b) vigorous shaking of a glove in 100 ml « 
sterile diluent and assaying the rinse water for viabl 
spores, and (c) assay of the drain water at the end d 
the disinfection and final rinse cycle. In all cases chlo- 
rine was neutralized with sodium thiosulfate. The tes 
organism was recognized by visual observation of tht 
test plates for the characteristic orange colonies. 

In all tests, no colonies of B. subtilis var. niger wer 
observed after the gloves were washed by a standari 
cycle in the washer-dryer. Since the wash water wii 
tap water, the gloves were not necessarily sterile, bu' 
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’ All gloves used in the tests were surgeon’s rubber glove: 


purchased under MIL specifications ZZ-G-4Z1A(5). 
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mination, were found. Gloves so treated were washed 
yan and could not be differentiated visually from 
jan control gloves. 

Air samples drawn from the vicinity of the washer- 
iver during all stages of its operation were negative 
nr test. organisms deliberately placed on the gloves. 


Cleaning Action 


(leaning action was checked repeatedly on gloves 
thich had been heavily smeared with canine whole 
lod on both sides and allowed to dry overnight. 
These gloves were almost impossible to separate manu- 
ily. After the complete cycle in the machine, they were 
pntirely suitable for use. 

During a 30 day test period, all the gloves used by a 
eterinarian and which were soiled with blood, feces, 
air, gangrenous material, grease and other materials 
vere cleaned and suitable for re-use after being washed 
pnd dried in the machine. 


Deterioration of Surgical Gloves 


A comparison was made of damage to rubber gloves 
by treatment according to the above recommendation 
ie., 500 ppm NaOCl, 10 min, 120 F) vs. hand washing 





SIT tension testing of vuleanized rubber. 


und steam sterilization (15 psi, 250 F, 15 min). 

Before initiating tests, a control area was removed 
rom each glove and the remainder of the glove treated. 
this tended to eliminate variability due to difference 
n individual gloves. All samples were tested using 
ASTM designation D-412-51T, tension testing of vul- 


TABLE 2 


Life tests of rubber surgical gloves after indicated treatment* 


Per Cent Change of Treated Glove 


Cumatative Area from Untreated Glove Area 
Treatment Minutes 
Exposed Tensile | .300% 600% Elonga- 
strength | modulus | modulus tion 
Chlorine: 500 ppm, 10 0 2 0 —2 
120 F 30 —21 -3|/ —- —6 
40 —11 | 3; -2) -1 
60 -5| oO| -1 0 
90 —1 | 0; —-4 0 
| 
Steam: 15 psig, | 15 —23 = 5S) =k9 2 
250 F 30 —16| —23 —36 9 
| 45 —20| —-22| —45 11 
| 
Complete wash | | 
cycles: 
2 | —10 13} —5 1 
4 | —32| -4|; —-9 —% 
15 | —18 3| —-5 0 
20 | —42; 0] —25 0 
25 | —47 3| -6| -2 
30 | —42 | 0; -4 -9 


* All samples were tested using ASTM designation D-412- 
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canized rubber. Results, presented in table 2, indicated 
essentially no cumulative damage to the gloves from the 
NaOCl treatment except that tensile strength decreased 
significantly after 15 wash cycles, whereas the steam- 
sterilized gloves showed extensive and _ progressive 
damage after each sterilization period. After each cycle 
in the machine, all gloves were examined visually for 
those sticking together. Sticking was negligible. The 
gloves were perfectly satisfactory for use after 30 runs. 
Tests were discontinued at this point because it was 
believed that, due to damage other than from steriliza- 
tion or washing, the normal expected life would not 
exceed this number of washes. 

Gloves examined for deterioration after 30 consecu- 
tive wash cycles were of a slightly lighter color and 
somewhat decreased “rigidity” as compared to new 
gloves. All gloves were satisfactory for use. 


Experience During Long-Term Routine Use 
of the Machine 


All gloves used by the Fort Detrick laboratories 
(approximately 1,200 gloves per week), were decon- 
taminated, washed, and dried in the machine during a 
period of 15 months. The washer-dryer was located 
in a central glass-washing and media-preparation area; 
consequently the operator was free to conduct other 
work while the gloves were being processed either by 
machine or by hand. This condition made time-motion 
studies difficult to estimate. However, for each unit of 
60 pairs of surgical gloves, about 20 sec per pair were 
required to handle, wash, decontaminate, dry, powder, 
and return the gloves to the laboratory for re-use when 
machine-washed. When washed by hand, at least 105 
sec per pair were required to collect, decontaminate 
(autoclave), wash, rinse, dry the outer surface, turn 
outside-in, dry the second surface, powder, and return 
gloves to the laboratory. Perhaps as important a con- 
sideration as the time expended is the requirement for 
facilities and laboratory space to spread or drape gloves 
for two drying periods which, under some conditions, 
may require several hours each. 

The number of new gloves purchased in this unit 
of laboratories through the first 15 months usage of the 
equipment decreased about 80 per cent. Most of the 
savings were due to decreased deterioration as a result 
of NaOCl decontamination instead of autoclaving. 
On the average less than three uses of a glove was 
obtained when hand-washed in the test unit. 

Machine washing has produced uniformly satisfac- 
tory results. Gloves were clean, decontaminated, dry, 
and powdered lightly. The degree of powdering was 
such that no additional tale was required to easily 
glove the dry hand. 

For a short period during the 4th and 5th months 
of use of the machine, some gloves, after processing, 
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were observed to have fingers and palms struck to- 
gether and were not completely powdered. This was 
apparently not the result of equipment or process fail- 
ures, but was the result of deterioration of very old 
gloves. The initial gasket seating the washing chamber 
deteriorated and was replaced after 10 months of use. 
This deterioration apparently was due to chlorine. 
teplacement with gasket material believed to be more 
chlorine resistant has been made. 


DiscussION 


The machine described in this report was a proto- 
type, modified from a standard washer-dryer. This 
model was semiautomatic, however the entire opera- 
tion could readily be made automatic. 

If is felt that the convenience and economy of such 
a machine should warrant consideration for labora- 
tories, hospitals, veterinary clinics, and other groups 
who use a considerable number of surgical gloves. This 
washer-dryer would replace all hand operations prior 
to wrapping and sterilizing after washing and powder- 
ing. As used at the Fort Detrick laboratories, gloves 
that are free of pathogens, not necessarily sterile, 
are required for laboratory use. Sterile gloves, as re- 
quired for surgeons and other medical use, still would 
require the usual final packaging and sterilization after 
cleaning and drying. Talc! is used at the Fort Detrick 
laboratories, but starch, now used by essentially all 
hospitals and surgeons may be substituted for tale. 
The starch’ added to the wet gloves prior to initiating 
the drying cycle satisfactorily powders the gloves. The 
veterinary clinic, in fact, did use starch rather than 
tale. 

It was found desirable to exhaust the drying air of 

* Tale used in the tests was Taleum, USP, Purified Powder, 


Fischer Scientific Company, Washington, D. C. 
®> Starch used in the tests was Bio-Sorb Starch Derivative 


Dusting Powder, Ethicon, Inc., Somerville, New Jersey. 
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the washer-dryer to the building ventilation exhayy 
primarily to eliminate tale being blown into ‘he roo, t 7 
but also to carry away heat and moisture, anc to byl 

in an additional safety feature. A 4-in. flexible hos 

was used for the installation from the machine to the 
building vent. 
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A washer-dryer for surgical gloves is deseribed. Thy Ftions, 
machine is a modified household washer-dryer combing uecesst 
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decontaminated, clean, dry, and powdered. Such glove Lich ac 
are satisfactory for immediate use for routine purposs ois 
or ready for wrapping and autoclaving for surgical band ef 
use. It has given satisfactory operation in routine ws jporin 
in a 16 laboratory unit, using about 1,200. surgied Backus 
gloves per week, for a period of 15 months. Use of the irectl 
described machine resulted in a substantial savings ¢/ er 
laboratory technician man hours and extended the liié f pen 
of the gloves as compared with processing by the hani Laken | 
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ly acknoyi In commercial penicillin production the fermentation 
nedium is usually seeded with a mycelial (vegetative) 
noculum of Penicillium chrysogenum prepared by the 
slowing transfers: spores > germinator tank — seed 

; ak. However, depending on the fermentation con- 
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sed spore-inoculated fermentations in their study of 
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heculiar to fermentations inoculated with spores. Craw- 
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ford ef al. (1952) obtained identical yields of cephalo- 
routine ‘“Boorin P with both spore and vegetative inoculum. 
wd Surgical Backus and Stauffer (1955) used spores inoculated 
Use of the irectly into the fermentation medium to test their 
Savings «i 


led the life 
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mutant strains of P. chrysogenum. However, comparison 
of penicillin yield and the fermentation cycle (time 
taken to reach the maximal yield) between fermenta- 
tions inoculated directly with spores and with vegeta- 
tive inoculum has not been reported for the high yield- 
ing strains of P. chrysogenum. During the early days of 
lard methoifyenicillin fermentation with very low yielding strains, 
Pp. 221-2 roster, Woodruff, and McDaniels (1946) observed that 
Ing surgical. 3 ‘ ‘ . . 

in spore-inoculated fermentation in aerated and agi- 
59 Sporiif tated laboratory fermentor, maximal titre (50 u per 
ml) was reached at 120 hr as compared to 72 hr with 
vegetative inoculum. The method of direct inoculation 


Paint an 


of spores, if successful under industrial fermentation 
conditions, would eliminate one of the major inter- 
mediate stages in penicillin fermentation with a con- 
sequent economy in operations. To be considered 
equally efficient, different 
should yield the same amount of penicillin in the same 
fermentation cycle. This paper reports a comparative 
study of penicillin production in shake flask and agitated 
and aerated fermentors with spores and vegetative 
inoculum. 


fermentation conditions 


MATERIALS AND METHODS 
Fermentation Techniques 


A commercial strain of P. chrysogenum HA-9 (selec- 





tion from a Russian strain) was used in these studies. 


' Part of the work was presented at the First Scientific Ses- 
| sion of the Association of Microbiologists of India, Caleutta, 
| November, 1959. 
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Preparation of spores. Spores obtained by sporula- 
tion on sterilized barley grains were suspended in water 
and used for inoculation. Thirumalachar and Gopal- 
krishnan (1958) reported that on agar slants the my- 
celium continued to produce new crops of spores for 
long periods so that the spores taken from an agar 
slant were of different ages. In contrast, when sporu- 
lated on barley grains the vegetative hyphae collapsed 
after 8 to 10 days due to the drying of the grains and 
the mass of spores was left as a powdery coating. Thus 
spores of nearly the same age were obtained by this 
method. The method of sporulation on barley grains 
was as follows. The spores were obtained from an agar 
slant as a suspension in 20 to 25 ml of honey-peptone 
solution. The suspension was mixed with 100 ¢ of pre- 
viously sterilized barley grains and incubated at 25 C. 
Sporulation was complete at the end of 8 days and 
approximately 40 billion spores were obtained as a 
water suspension per flask. Spores were inoculated 
either directly into the fermentation medium or into 
the seed medium for preparation of vegetative inocu- 
lum. 

Preparation of seed. The seed medium contained 
(per L) cornsteep liquor, 31.6 g; sucrose, 18.6 g; NaNOs, 
2.8 g; MgSO,-7H.O, 0.068 g; KH2PO,, 0.31 g; and 
CaCO;, 3.2 g. The medium was adjusted to pH 5.5 
before sterilization. No pH adjustment was needed 
after sterilization. A spore suspension (usually contain- 
ing 10 to 20 million spores) was inoculated into the 
seed medium. The seed flasks were incubated on a 
rotary shaker (250 rpm describing a circle of 2-in. di- 
ameter) for 48 hr at 25 C. Ten milliliters of the 
vegetative growth were used to inoculate 100 ml of the 
fermentation medium. 
fermentations were 
-arried out in duplicate on the rotary shaker at 25 C 
in 500- ml Erlenmeyer flasks containing 100 ml of 
medium. The control fermentation medium contained 


Fermentation conditions. All 


(per L), lactose, 40 g; cornsteep liquor, 10 g; peanut 
meal, 30 g; CaCOs, 6 g; NasSO,, 1.2 g; MgSO,-7H.O, 
0.068 g; phenylacetic acid, 1 g; and groundnut oil, 
1 ml. The pH of the medium was adjusted to 7.0 before 
sterilization. Usually the pH decreased on steriliza- 
tion and was readjusted to 6.8. In spore inoculated 
fermentations the medium was inoculated with approx- 
imately 10 million spores unless otherwise indicated. 
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Analytical Procedures justed to 7.0. It was found that the average })!! valyes 
ee 7 : of the media from 72 to 120 hr were in a re ui 
Penicillin in the centrifuged broth was estimated by a sige Anoky FegiON Sit 
si ane : ayes oss an able for penicillin production in all cases. 
modified iodometric method of Alicino (1946). The : nae 
: ‘ : Effect of pH on growth. The effect of pH 01 growth 
pH was determined with a glass electrode. Sugars were : : S 
: yy ee : ; of the mold with spore inoculum was studied \1 a me. 
determined by the method of Shaffer and Somoygi diut eine L) ' i c 
a ; : ae ium containin er L): cornsteep liquor, 5() ¢ ; 
(1933). Lactose was estimated after hydrolysis with 40 ~4 AP lubl i tes 8, and 
oe igen gga : ‘ sucrose . This <oluble medium was used io ayo; 
2 n HCl in the autoclave at 120 C for 30 min. Ammonia : er : - 
f : ; errors in determination of mycelial dry weig!iis. The 
nitrogen was determined by the method of Gailey nn ieee diff tj ti ~e 
‘ é ‘ dium was adjusted to different initial pl! valyes 
et al. (1946). It was not possible to determine the my- J pI value 
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. : : : ; : and re-adjusted at these levels manually at 10- (0 12-hy | 
celial nitrogen since the medium contained insoluble : : : : {00 ml ¢ 
,' , ‘ ; intervals. Mycelial dry weights were determined afte | 
nitrogenous materials. Mycelial dry weight was de- : : = Espore C¢ 
é aoa . 48-hr of growth. The optimal pH for the growth of the 
termined by filtering the broth in a Buchner funnel, ; a : ; 100 ml 
. ; , : ; : mold was again found to be near 7.0 (figure 1). Chemi.f 
washing once with 0.1 N HCl and twice with water, : tation W 
, , P cal analysis at the end of 48 hr showed that growth} |: 
and finally drying overnight at 90 C. Rate of oxygen oe ” ; tration 
: ' : was not limited by the exhaustion of sugar or nitrogen} -.-. . 
uptake and the respiratory quotient were determined 8 spe oppee ; oA vithin v 
: ‘ at ; As the highest penicillin yield was also obtained when}, 
manometrically as described by Vinze and Ghosh Ne ‘hes ogg Yorma 
(1959) the initial pH of the medium was 7.0, in all subsequent mately 
fermentations the medium was initially adjusted to enurth 
+R ed Qc «© =t ¢ € PV eEtilCA bed 
Resutrs anp Discussion pH 6.8 to 7.0 as a standard practice. 
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that penicillin yields were practically the same when 0-8} Pa 
; ; ; : mur’ € 
the fermentation medium was inoculated either with . 7 (6 
; : . sed (2 
vegetative seed or directly with spores. Data from a eon | 
‘ ° . ° tooK p 
typical experiment are presented in table 1. Detailed a 
. . ‘ . . in shak 
studies were, therefore, undertaken to find the optimal ae 0-6} : 
ve : tS ane . for dire 
conditions for fermentations with spore inoculum. 5 F 
. 7 . i terse Was O 
Effect of initial pH. The effect of the initial pH of the ; 
< hon ; ‘ : the ves 
medium on penicillin yield with spore inoculum is 4 
shown in table 2. The maximal penicillin yield was 2 oil 
obtained when the initial pH of the medium was ad- 3 
wh 
Vv 
r 6 
TABLE 1 z a 
Penicillin yield with vegetative and spore inoculum 02¢ W 
sin iconmeers l ees — 8 4 
Inoculum* Maximal Penicillin Yields b 
| v 
——_—__— —— woe + s. +. <q 
u/ml hr. 4 5 6 7 8 J 2- 
Vegetative... 2,660 144 pu 
| = - * 7 . . . 
Spore 2,795 144 Figure 1. Effect of pH on the growth of Penicillium chrysoy: . 
—- — - num HA-9. The medium contained (per L): cornsteep liquor, ii = 
* Ten milliliters of vegetative growth or approximately 10 g; and sucrose, 40 g. The media were maintained at their re-} 5 
million spores were used to seed 100 ml of fermentation me- spective pH levels by manual adjustment of pH. : 
dium. 2 80+ 
ae “i “ 
rABLE 3 0 
- m : : Aye : z 
TABLE 2 Effect of spore concentration on penicillin yield 60- 
Effect of initial pH of medium on penicillin yield in spore- Pea Ce Pg aia 1 be 
: ‘ulated ferme ane ~ Dry Weight | Z . 
inoculated fermentations | Spore | ceed Maximal Penicillin ‘ 
Oa ae ae a ED LET MESS cs a ae Inoculum Concn in | yori i ae » 
; | Medium | Mycelium | Yield 140+ 
Initial pH | Maximal Penicillin Yield | pH Plateau* | at 48 Hr ; 
| eee Se eae eeee a 
Unis Seennn nae |—— 
| u/ml | hr millions/ | g/100 ml | u/ml hr 
5.5 | 2,020 144 7.06 bee | 20: 
7-5 | = | 4.06 Vegetative... | 0.17 | 0.18 | 2,660 14 
6.0 | 2,300 | 144 | 7.02 Vegetative... | 82 0.70 | 2,540 144 
, 5 » J , | 7 2 , ° | 
6.9 2,360 144 7.32 Vegetative | a7 1.10 | 2,560 144 * 
7 27 7 ; 
7.0 =| 2,700 144 7.41 Vegetative ..| 170 1.10 | 2,480 | 14 § ° 
7.5 2,310 | 144 7.60 Spores | 0.22 — | 2,300 | 168 
Controlt 2,510 | 144 7.22 Spores | 99 2 800 144 y 
by | . -- ui 07 A 
a ERE OE is sce Spores. ... se 2,620 14 [with s 
* Average pH values during 72 to 120 hr. * a 290 2 420 144 — 
+ Control medium inoculated with ‘‘vegetative’’ seed. ; ion ae ee ; ais ‘saad 
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ation, either for making the vegetative seed or for 
‘Fiirect inoculation into the fermentation medium, was 
determined for maximal penicillin yield. The results 
ye shown in table 3. When only 0.17 million spores 
vere used per 100 ml of seed medium for making the 
vegetative inoculum, very poor growth and formation 
of pellets (0.18 g per 100 ml dry weight) was obtained. 
However, for penicillin production, 10 ml of this inocu- 
lum were as effective as the thick inoculum (1.1 g per 
100 ml dry weight) obtained with 100-fold increase in 
spore concentration; 7.e., with 17 million spores per 
100 ml of seed medium. This indicated that in fermen- 
tation with 10 per cent vegetative inoculum, concen- 
tration of spores in the seed medium could be varied 
within wide limits without affecting the penicillin yield. 
Yormally the seed medium is inoculated with approx- 
mately 10 to 20 million spores to give a thick mycelial 
growth. 

For spore-inoculated fermentations the optimal con- 
2.2 and 
» millions per 100 ml of medium under the conditions 
of our experiments. At the highest spore concentration 
used (220 million per 100 ml of medium) autolysis 
took place 24 hr earlier. It was thus established that 
in shaken flasks the optimal concentration of spores 
for direct inoculation into the fermentation medium 
was of the same order as that necessary for preparing 
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Figure 2. Biochemical changes in fermentations inoculated 
With spores or vegetative seed. O——© = Fermentation me- 
dium seeded with vegetative inoculum. X----- X = Fermenta- 


tion medium directly inoculated with spores. 
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Biochemical changes during penicillin production with 
vegetative and spore inoculum. The metabolic picture of 
a penicillin fermentation with vegetative inoculum 
was compared with that of a spore inoculated fermen- 
tation (figure 2). 

With vegetative inoculum the enzymes already 
present in the seed mycelium utilized the amino acids 
and peptides in the fermentation medium in preference 
to lactose as the carbon source during the growth phase 
of fermentation. This resulted in a sharp rise in pH 
during the first 48 hr due to liberation of NH; which 
was later consumed as the source of nitrogen during 
the second phase of fermentation. Lactose was utilized 
at a slow rate during the growth phase and at a rapid 
rate during the penicillin production phase. When 
lactose was exhausted autolysis set in, thereby termi- 
nating the penicillin production phase of fermentation. 
Autolysis was indicated by the rise in pH, release of 
ammonia, and a thinning of the mycelial suspension. 

With spores as inoculum the free ammonia nitrogen 
present in the medium served as the nitrogen source 
for germination and subsequent vegetative growth 
during the first 24 hr of fermentation. Visually, a slight 
vegetative growth could be observed during this period. 
Utilization of the free ammonia nitrogen resulted in 
the lowering of pH during this period. The mycelium 
formed by the end of 24 hr was able to utilize the amino 
acids and peptides present in the medium as the carbon 
source with liberation of NH; and a corresponding rise 
in pH. The maximal level of ammonia nitrogen released 
when vegetative inoculum was used was twice as much 
as when spores were used. Mycelial growth was better 
(2.3 per cent maximum, dry weight) with vegetative 
inoculum as compared to that with spore inoculum 
(1.96 per cent maximum, dry weight). The pH plateau 
of the spore-inoculated fermentation was slightly lower 
than that of the fermentation inoculated with vegeta- 
tive seed. There was practically no utilization of lactose 
during the first 48 hr in the spore-inoculated fermenta- 
tion. Later, lactose was utilized at about the same rate 
as that in the fermentation with vegetative inoculum. 
In this experiment higher penicillin yield was obtained 
with spore inoculum than with vegetative seed. How- 
ever, the study of several fermentations indicated that 
either method of inoculation gave equally good yields. 

Effect of media composition on penicillin yield with 
spores and vegetative inoculum. Penicillin yields obtained 
with different modifications of the control medium 
using spores or vegetative inoculum are shown in 
table 4. 

Since spores used free ammonia nitrogen in their 
initial growth phase (figure 2), the effects of including 
ammonium nitrate and sucrose in the control medium 
was studied. The addition of the readily available 
carbon and nitrogen sources did neither increase the 
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penicillin yield nor decrease the fermentation cycle 
as compared to the control. 

It was found that when the medium contained pea- 
nut meal and lactose the pH plateau was maintained 
at a high level (7.7) both with spores and vegetative 
inoculum. Good growth with a lower pH plateau (7.3) 
was obtained with 6 per cent cornsteep in the medium. 
However, penicillin yields with either spore or vegeta- 
tive inoculum were very low in higher concentrations 
of cornsteep medium as compared to the control. Since 
best results were obtained with the control medium, 
further studies were made with that medium only. 

Effect of oil feeding. Intermittent addition of oil during 
fermentation has been reported to result in increased 
penicillin yields (Goldschmidt and Koffler, 1950; An- 
derson, Tornquist, and Peterson, 1956; Pan, Bonnanno, 
and Wagman, 1959). Di Acecadia (1955) obtained equal 
penicillin yields by substituting lactose with animal 
or vegetable oils as carbon source in a cornsteep me- 
dium. More recently Pan et al. (1959) reported that 
under the proper conditions of oil addition the fermen- 
tation can proceed at a rate 50 per cent higher than the 
lactose control, yielding a titre twice as much as the 
control. All these studies have been made in fermenta- 
tions seeded with the usual vegetative inoculum. We 
studied the effect of oil feeding on spore-inoculated 
fermentations in control medium in which lactose 
served as the major carbon source and oil as extra 
nutrient. The results of an experiment in which maxi- 
mal effect of oil was obtained is shown in figure 3. 
Groundnut oil, 0.1 per cent by volume, was fed every 
24 hr beginning from 48 hr of fermentation. The rate 
of penicillin production was the same with or without 
oil feeding until 144 hr; thereafter, in fermentation 
without feeding, mycelial autolysis set in with a cor- 
responding rise in pH and drop in penicillin titre. With 
oil addition the maximal rate of penicillin production 
was maintained up to 192 hr without any mycelial 


TABLE 4 
Relative penicillin yield with vegetative and spore inoculum in 
different media 


Relative Penicillin 
‘ield* 


.— Variation from Control Medium 
Vegetative; Spore 
inoculum | inoculum 
u/ml u/ml 
1 None 100 100 
2 Lactose, 3.5 per cent; sucrose, 0.5 94 
per cent 
3 Medium 2, plus NHsNOs, 0.3 per - 83 
eént 
4 Peanut meal, 4 per cent 96 S4 
5 Peanut meal, 4 per cent; lactose, 3.5 90 90 
per cent; glucose, 0.5 per cent 
6 Cornsteep liquor, 6 per cent 65 50 


* Maximal yield was obtained in 144 hr in all cases. 


The results obtained when different indigenous ojk 
were tried in spore-inoculated fermentations are showy 
in table 5. Both groundnut oil and til oil (ses:me oil 


vou. hat 





PENICILLIN U/mL 











None (control )t 


TABLE 5 
Effect of different oils on penicillin yield with spore-inoculat 
fermentation 


Maximal Penicillin 


u/ml 


2,760 


3,620 


2,780 
3,670 
3,470 
3,220 


168 


Figure 3. Effect of feeding oil on spore inoculated ferment 
tion. O——© = Groundnut oil was fed to the fermentation: 
the rate of 0.1 per cent every 24 hr starting from 48 hr. X 
= Control fermentation without oil addition. 


hr 
138 
162 
138 
162 
162 
162 


Oil was fed at the rate of 0.1 per cent per day starting 
* Average pH of the medium during penicillin productio! 


7+ The fermentation medium was seeded with vegetatiw M 
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ave the maximal yields. Mustard oil and cocoanut 
gave slightly lower yields. With linseed oil, mycelial 
wtolysis Set in about the same time as in the control 
#ith no increase in penicillin yield. 

Effect of aeration on spore-inoculated fermentation. 
Rolinson (1952) found that mycelium grown under 
Burying conditions of aeration showed metabolic differ- 
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ent values. Rolinson and Lumb (1953) reported that 
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low aeration rates, carbohydrates 


The effect of aeration on a spore-inoculated penicillin 
fermentation was studied using different volumes of 
medium in 500-ml Erlenmeyer flasks. Groundnut oil 
was added to the fermentations at the rate of 0.1 ml 
per 100 ml of medium every 24 hr. The results are shown 
in figure 4. It was found that the maximal rate of peni- 
villin production of the 50-ml fermentation (64 u per hr) 
was twice that of the 100-ml fermentation (31 u per hr), 
ilthough mycelial growth was practically the same 


in both eases. 


Ammonia nitrogen released into the medium in the 
j0-ml fermentation was much higher than that ob- 
tained with the 100-ml fermentation. This was reflected 
ina comparatively higher pH level obtained with the 
j0-ml as compared to the 100-ml fermentation. How- 
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Figure 4. Effect of aeration on penicillin fermentation with 
spores. @——@ Media volume 50 ml in 500-ml flask. ©----- © 


Media volume 100 ml in 500-ml flask. Groundnut oil was fed at 
the rate of 0.1 per cent every 24 hours. 
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ever, the pH values of both fermentations were main- 
tained within favourable range during the penicillin 
production phase. 

The oxidative metabolism of the mycelium indicated 
by the oxygen uptake rate (Qo,) and the respiratory 
quotient (RQ) were the same in both fermentations. 
The Qo, values steadily decreased from 18.5 at 44 hr 
to 10.5 at 138 hr. The RQ values decreased from 0.8 
at 44 hr to 0.62 at 138 hr. 

The rate of lactose utilization of the 50-ml fermenta- 
tion was slightly higher than that of the 100-ml fermen- 
tation. 

The only observable metabolic difference between 
the 50- and 100-ml fermentations was in the liberation 
and subsequent utilization of the ammonia nitrogen. 
The utilization of a larger amount of ammonia nitrogen 
by the mycelium of the 50-ml fermentation might have 
resulted in a more proteinaceous and active mycelium, 
which might account for the high rate of penicillin 
production. Since the medium contained insoluble 
materials (peanut the mycelial 
nitrogen was not determined. Experiments with me- 


nitrogenous meal) 
dium containing soluble nitrogenous material are neces- 
sary to determine the variation, if any, in the mycelial 
nitrogen content. 

Spore-inoculated fermentation in 2,200-L fermentor. 
Two trial fermentations were run in a 2,200-L fermen- 
tor with direct inoculation of spores into the fermenta- 
tion medium. The details of these experiments and the 
results obtained are given below. 

The fermentor was of a conventional design, fully 
baffled and fitted with motor agitator and perforated 
circular air ring sparger at the bottom. 
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Figure 5. Spore-inoculated fermentation in a 2,200-L fer- 
mentor. : 
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Experiment 1. tion medium directly with spores and with vegetati| 
Inoculum: 30 billion spores (approximately). seed. Practically identical penicillin yields were 4), 
Fermentation medium: same as control medium; tained under both of these fermentation corditig, 
pH after sterilization, 6.6; volume, 1,600 L. The optimal conditions in spore-inoculated fermen, 

Aeration: 0.4 vol/vol/min. up to 48 hr and 0.7 vol/ tions were defined with respect to initial pH of ferme, 
vol/min thereafter. tation medium and spore concentration. 

Antifoam and oil addition: 3 per cent octadecanol Intermittent oil feeding gave much higher }j eni¢jl 
in groundnut oil, 0.075 per cent by volume every 12 yield in spore-inoculated fermentation than in ferme, 
hr beginning from 48 hr. tation seeded with vegetative inoculum. 

The result of this experiment is shown in figure 5. Pilot scale fermentations in 2,200-L fermentors jy 
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It is now generally believed that a more complete 
knowledge of the utilization of feeds by ruminants and 
of certain of their metabolic disorders is partially 
dependent on a better understanding of the activities 
carried out by ruminal microorganisms and_ their 
ecology. It is evident that information on the nutrients 
butilized for growth is an important consideration in 
understanding the ecology of an organism. 

Based on their function in making the energy of the 
ration available to the the cellulolytic 
hacteria are often the most important ruminal micro- 


ruminant, 


organisms and, based on numbers present and the rate 
of cellulose digestion, the genus Ruminococcus is one of 
the most important cellulolytic groups (Bryant, 1959). 

Members of the genus require anaerobic conditions, 
a carbohydrate energy source such as cellulose, cellobi- 
ose, or xylan, and some require carbon dioxide even in 
complex media (Bryant and Burkey, 1953). It was 
early recognized that unknown and apparently unusual 
growth factors were required by some strains (Hungate 
1950; Sijpesteijn, 1951). Fletcher (1956) detected and 
purified an unknown, nonvolatile, acidic material that 
was essential for growth of the type strain of Rumino- 
coccus albus. Allison, Bryant, and Doetsch (1958) found 
that all strains studied (two of R. albus and three of 
Ruminococcus flavefaciens) required a volatile fatty acid 
such as isovaleric acid for growth. A strain believed to 
be R. flavefaciens did not appear to require either of 
these factors (Ayers, 1958). 

Very little is known of the B-vitamin or nitrogen 
requirements for growth of the genus and the informa- 
tion available suggests considerable variation between 
strains. Folie acid, adenine, guanine, amino acids, or 
peptone were essential for the strain of Ayers (1958). 
The strain of Fletcher (1956) required riboflavin, 
thiamine, folic acid, and a nitrogen source such as 
jacid-hydrolyzed casein. A strain of R. flavefaciens 
appeared to assimilate very little amino acid during 
growth (Allison, Bryant, and Doetsch, 1959) and grew 
With ammonia as the sole source of nitrogen (M. J. 
Allison, 1958 unpublished data). 

The purpose of the present work was to determine 
the nutritional requirements with emphasis on the B- 
Vitamins needed for growth of additional strains of 
Riminococcus. Studies on nitrogen sources for growth 
of R. albus and R. flavefaciene are presented elsewhere 
(Bryant and Robinson, 1961). 


MATERIALS AND MeEtrHops 


The anaerobic technique of Hungate (1950) was 
utilized throughout this study. Gases were made 
oxygen-free by passage through a column of hot re— 
duced copper filings. All incubations were at 37 C. 

The strains of ruminococci studied were previously 
described and_ specifically identified (Bryant et al 
1958b, ¢). Stock cultures were grown in stabs of rumen 
fluid-glucose-cellobiose agar (RGCA) slant medium 
(Bryant and Burkey, 1953) and stored in a Dry Ice 
box with transfers at about 6-month intervals. 

Cells for inoculation of experimental media were 
grown in a 20 per cent clarified rumen fluid medium 
identical with that previously used (Bryant, Robinson, 
and Chu, 1959) except that 0.0001 per cent resazurin 
replaced indigo carmine and cellobiose replaced glucose. 
Strains were transferred daily on this medium (0.01 to 
0.1 ml per 5 ml of medium depending on the strain), 
and usually four or more transfers were made before 
washed inocula were prepared. Cells from an 18- to 
24-hr culture were centrifuged, the pellet was washed 
with an anaerobic solution, and the cells were then 
washed once with the anaerobie solution and diluted 
to an optical density (OD) of 0.10 in standardized 
Wassermann tubes (13 mm diameter) at 600 my. Five 
milliliters of experimental medium were inoculated with 
0.1 ml of suspension and growth was roughly estimated 
by OD measurements as above. 


> 


The anaerobic solution for washing cells was the 
same as the medium of table 1 except that cellobiose, 
casein hydrolyzate, salts of volatile acids, NasS, and 
vitamins were deleted. 

Table 1 shows the composition of the complete 
medium from which vitamins were deleted in studying 
the vitamin requirements. Other variations in media 
are given in the Results. 


RESULTS 


Figure | shows representative growth curves of some 
of the ruminococci able to grow in the complete medium 
(table 1). Growth of strains B,13, B,C7, and B199 was 
similar to strain 7, and strain B,46 was similar to C94. 
The rapid drop in optical density in most cultures after 
maximal density was reached indicates the frequency 
with which optical densities must be determined to 
obtain an approximation of the maximum. In ruminal 
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TABLE 1 Table 











Composition of complete medium from which deletions were made in studies of vitamin requirements* \() st al 
meg per 100 ml | me p 0» The jie 
Cellobiose 300 Na-n-valerate 1.87 the pre 
Casein hydrolyzatet 200 NasCOs; ps3 40 ossonitis 
KH.PO, 90 Resazurin 6.1 d 
NaCl 90 Cysteine-HCI-H.0O.. ; 5 were PI 
(NH4)280, 90 NaS-9H.0 5) replace 
CaCls 2 Pyridoxamine-2HCI cle 02 n table 
MgCl.-6H:O » 4 Riboflavin 0.2 
MnCl.-4H-O 1 Thiamine: HCl : ; 0.2 
CoCl2-6H2O 0.1 Nicotinamide ().2 ae 
Na-acetate -3H.O 306 Ca-p-pantothenate 0.2 
Na-isobutyrate 1.66 | p-Aminobenzoie acid 0.0) 
Na-isovalerate 1.87 Folic acid 0.005 
Na-DL-a-methyl-n-butyrate 1.87 Biotin 0.005 
* Solutions of Na2sCOs;, cysteine, and vitamins were autoclaved separately (5 min at 15 lb), equilibrated with CO., and added ty 
the other ingredients of the medium (adjusted to pH 6.5 with NaOH) after it was autoclaved (15 min at 15 Ib). After adjusting th 
pH, the medium was kept under CO, gas at all times. NaS solution was autoclaved under N» and added to tubed media just be Bauman 
fore inoculation. aan 
t “Vitamin-free” acid hydrolyzed casein (Nutritional Biochemical Corporation, Cleveland, Ohio) treated with Norit A at pig- B34 
3.5 and at pH 6.5 to remove traces of vitamins. The weight was calculated from the original percentage composition and is sony Rumen 
what high due to loss of aromatic amino acids. “3 
C9 
100r TABLE 2 ‘TI 
Vitamin requirements of ruminococct for gro 
Pi | Pyri-| p: a= rete fetal 
8 Strain doxa-| ‘tin | -E |'Acid| @ mine $2 
re) mine Pe :; e: Amoun 
“ 60} re r= és 
ra 
° Ruminococcus albus 
= 40 q 7, B18, D89, B,C7, B199 +* + + 0 0 0; 0 Amc 
z 20 +i ct O + 0 0! 0 
$ B;37 Oo; + 0O,+;+ 4 () 
20k Ruminococcus flavefaciens mus | 
C94 +i+i+ 0 0 0; 0 
B,46 0 +, 2+ 0 0 0 () 
re) . 1 1 a FDI +it+ict 0 0 0 | F 
ie) 10 20 30 40 j = 1 
HOURS * + = Hssential to growth in the presence of the complet 2 
Figure 1. Some representative growth curves of strains of vitamin mixture ; += stimulatory under the above condition: 10 
ruminococci in the complete medium (table 1). Numbers /, 2, but essential in the presence of only those vitamins affecting ei 
3, 4, 5, and 6 refer to strains D89, B;37, 7, C94, 20, and FD1, growth; + ” atimalatory under the latter conditions; 0 = n 
respectively. apparent effect on growth. l) nee 
: TABLE 3 requir 
Bacteroides species, Bacteroides succinogenes (Bryant Some data on attempts to partially replace the p-aminobenzoii 
and Doetsch, 1955) and Bacteroides ruminicola (Bryant acid requirements of Ruminococcus albus strain 7 with 
et al., 1958a), a similar rapid drop in optical density single vitamins 
appears to be due mainly to cell lysis. However, sida iiisiciiae ic, alee i 
casual microscopic observations of R. albus strain 7 did a 
not definitely suggest either lysis or a change in the All [ex as 80 (24)t 
amount of intracellular iodine staining material as All except p-aminobenzoie acid... 42 (36) 
causes of the drop in density. p-Aminobenzoic acid oer 85 (24) None 
The growth curves in the complete medium showed a None se 5 (82) Comy 
. ; : Pantothenate 10 (51) Mixti 
tendency for R. albus strains to grow faster in the ceil one 9 (48) rai 
logarithmic growth phase than R. flavefaciens strains, Folic acid re 9 (51) Acets 
although this was more particularly true of the five Thiamine es ee 2 (20) Acet; 
R. albus strains having the same vitamin requirements Riboflavin 2 (20) 
(table 2). There seemed to be no correlation between * Bioti LPP GEA ALOE TE AE EO | 
4 : é é ‘ rE iotin and pyridoxamine were present in all media. equil 
time of incubation required before growth was initiated + The figure in parentheses refers to the hours of incubation | Na-a 
and species. required to reach maximal growth. : 
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Table 2 gives a summary of the requirements of the 
\) strains capable of growth in the complete medium. 
The fact that p-aminobenzoic acid was stimulatory in 
the presence of the complete mixture of vitamins but 
essential when only those vitamins affecting growth 
vere present suggested that another vitamin partially 
replaced this requirement. Results with strain 7 shown 
ntable 3 suggest that no single vitamin was involved. 


TABLE 4 
{mounts of vitamins required for approximately half-maximal 


growth of selected strains of ruminococct* 


Pyri }. 7 . a 
Strai 4a Biotin Amino Folic | Ribo Thi- 
ae os sats benzoic) Acid flavin | amine 
amine ] cic 
mug per 5 ml 
Ruminococcus albus 
7 25 1.2 0.4 0 0 0 
B337 0 | 0.65) 0 7 115 i 
Ruminococeus 
flavefaciens 
C4 10 0.13 | 0:2 0 0 0 


* The growth media contained only those vitamins required 
for growth of the particular strain. 


TABLE 5 
Amounts of different free forms of vitamin By required for growth 


of Ruminococcus flavefaciens strain C94* 


Growth (OD X 100) 
Amount - 
Pyridoxine 


Pyridoxamine Pyridoxal 


mug per? / 
0 $ (24)t 3 (42) 4 (42) 
l 10 (90) 10 (90) 27 (90) 
5 37 (90) 39 (90) 53 (90) 
10 $4 (42) 53 (42) 72 (42) 
25 70 (42) 70 (33) 79 (33) 
100 74 (27-33 71 (33) 69 (27) 


* The basal medium contained all of the B-vitamins (table 
1) except Beg. 

+ The figure in parentheses refers to the hours of incubation 
required to reach maximal growth. 
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A similar attempt to partially replace p-aminobenzoic 
acid with folic acid, using strain C94, was also un- 
successful. These results indicate that several of the 
vitamins could partially replace p-aminobenzoic acid 
or, more likely, several of the vitamin solutions were 
contaminated with low levels of this vitamin. p-Amino- 
benzoic acid can undoubtedly be considered an es- 
sential vitamin. 

fesults in table 4 show the amount. of 
required for growth of certain strains. 

There wes little difference in the effect of the three 
forms of vitamin Bes on growth of R. flavefaciens strain 
C94 (table 5), and attempts to replace biotin with 
oleic or pimelic acids in growth of R. albus strain 7 
were unsuccessful. 

R. flavefaciens strains D101 and B,C45, R. albus 
strain B;36, and the B,33 and D157 strains of the genus 
Ruminococcus that did not fit well into either of the 
recognized species (Bryant et al. 1958b) failed to grow 
in the complete medium (table 1). Also, they did not 
grow in this medium modified by the addition of 
adenine, guanine, uracil, xanthine, thymine, pyridoxal, 
and vitamin B,s, the deletion of NaS, and the use of 
casein hydrolyzate (acid) that was not extracted with 
activated charcoal. Control strains (B,46 and 7), used 
to determine whether the medium was inhibitory, grew 
well. 

It was believed possible that the strains that. failed 
to grow required the unidentified growth factor re- 
quired by R. albus strain 69 (Fletcher, 1956). However, 
they did not grow when 0.002 to 20 mg of the purified 
factor (obtained through the courtesy of Dr. D. W. 
lletcher) per 100 ml were added to the medium of 
table 1 modified to contain unextracted casein hy- 


vitamins 


drolyzate (enzymatic) in place of acid hydrolyzate and 
to contain pyridoxal and vitamin By. A control culture 
(strain C94) grew well on all media. 

Previous results (Allison eft al., 1958) showed that 
some of the present strains (7, 20, FD1, B46, and 
C94) required a volatile fatty acid such as isovalerice 
acid for growth. Results in table 6 indicate that all ot 


TABLE 6 


Effect of certain salts of volatile fatty acids on growth of strains of Ruminococcus albus 


Sodium Salts of Acids Added* 


None 5 
Complete mixture Seer | 82 
Mixture minus acetate 90 
Acetate + n-valerate + isovalerate 80 
Acetate + n-valerate 4 
Acetate + isovalerate 83 


Growth (OD X 100) of Strain: 


B199 | B337 | BiC7 


} 
(144)t 4 (144) 1 (144) | 0 (120) 
83 (16) | 87 (19) | 86 (17) 
107 (19) | 87 (25) | 55 (40) 
95 (20) 95 (19) | 85 (17) 
3 (144) 3 (144) | 0 (120) 
97 (16) 90 (21) 82 (18) 


The basal medium was that shown in table 1 except that B-vitamins were added before it was autoclaved and sterile, Ne 
equilibrated mixtures of volatile acids were added to the sterile tubed medium. Levels of salts of acids were as follows (per 100 ml): 
Na acetate-3H.O, 306 mg; Na-isobutyrate, 8.8 mg; Na-n-valerate, Na-isovalerate, and Na-pL-a-methyl-n-butyrate, 9.4 mg of each. 


The figure in parentheses refers to the hours of incubation required. 
£ I 1 
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the rest of the strains included in the present study that 
could be grown in media of known composition have 
this requirement. Strain B,13 was not studied. Only 
one of the strains (B,C7) appears to be as greatly 
stimulated by acetate as was strain C94 (Allison et al., 
1958). 


DIscUSSION 

At the present time it is quite difficult. to define clear- 
cut species within the genus Ruminococcus because of 
the variability in morphological and physiological 
characteristics between strains (Hungate, 1957; Bryant 
et al., 1958b), and the present results (table 2) indicate 
that the pattern of B-vitamin requirements among the 
strains will be of little use in more adequately de- 
lineating species. The present strains of R. flavefaciens 
appear to be fairly homogeneous in B-vitamin require- 
ments, three requiring biotin and p-aminobenzoic acid 
and two of these also requiring vitamin Bs. However, 
the number of strains studied was small and the strain 
studied by Ayers (1958) appeared to require only folic 
acid among the B-vitamins. live of the seven strains of 
R. albus were identical and similar to two strains of 
R. flavefaciens which required biotin, p-aminobenzoic 
Bs. Another strain differed from 
these only in that folie acid was required in place of 


acid, and vitamin 


p-aminobenzoic acid. The remaining strain of R. albus 
differed considerably from the others in that riboflavin 
and thiamine were required in addition to folie acid 
and biotin and Bs was not required. This strain (B337) 
is similar to the type strain 69 (Fletcher, 1956) except 
that a biotin requirement was not established in the 
latter. However, the medium utilized contained some 
crude material and Fletcher emphasized that it may 
have been contaminated with some vitamins. 

It is noteworthy that strains of ruminococci having 
the same vitamin requirements may differ greatly in 
other characteristics. For examples, C94 is a typical 
strain of R. flavefaciens (Bryant et al., 1958b) and B199 
is an atypical strain of R. albus in that cellulose was 
not visibly attacked and p-xylose, L-arabinose, sucrose, 
and lactose were fermented (Bryant et al., 1958c¢), and 
these strains have the same vitamin requirements as 
more typical strains of R. albus (B,C7, B,13, D89, and 
7; Bryant et al., 1958b). However, R. albus strain 20, 
atypical in that hydrogen was not produced and several 
sugars were fermented, differed from the more typical 
strains in requiring folic acid but not p-aminobenzoic 
acid. 

The fact. that all of the strains of ruminococci so far 
studied require either p-aminobenzoic acid or folic 
acid and all but two are known to require biotin might 
be of use in separating members of this genus from 
other species of anaerobic cocci. 

It is of interest to discuss the vitamin requirements 
of ruminococci in relation to other species of ruminal 
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cellulolytic bacteria. It has been shown that Bar 
succinogenes requires biotin and that p-amino! 


roudes 


ZO 


acid is stimulatory to some strains (Bryant + al, 
1959). Only one strain of Bulyrivibrio fibrisolvc.s has 
been studied (Gill and King, 1958) and vitan in B,. 


folic acid, and biotin were essential for growth. (n the 
basis of the rapidity of cellulose digestion in vito and 
numbers of cellulose-digesting strains isolated, the 
ruminococci and Bacteroides succinogenes would :ppeai 
to be of more importance than Butyrivibrio. The results 
of pure culture work then suggest that biotin, p- 
aminobenzoic acid, and vitamin Bs would be the most 
stimulatory of vitamins to growth of  cellulolytic 
bacteria in the rumen, and would probably also be 
most stimulatory to cellulose digestion, whereas vi- 
tamins such as folie acid, riboflavin, and thiamine 
might. also have some effect. 

In general, it appears that, with the exception oi 
vitamin By» in one study and niacin in another, the 
pure culture results confirm results of studies on vi- 
tamins stimulatory to cellulose digestion by the mixed 
ruminal flora in vitro. Hall, Cheng, and Burroughs 
(1953) found biotin, Bi, and, to a lesser extent, p- 
aminobenzoic acid, Bg, and riboflavin, to be stimulatory 
to cellulose digestion by the mixed flora; Bentley et al. 
(1954, 1955) found biotin and p-aminobenzoic acid 
and, to a lesser extent, By. to be stimulatory; MacLeod 
and Murray (1956) found Bs always to be stimulatory 
and in some experiments thiamine, folic acid, niacin, 
and p-aminobenzoic acid were stimulatory. The mixed 
culture results usually show much smaller effects on 
addition or deletion of vitamins and are more difficult 
to interpret when compared with the pure culture 
results. It is possible that Biz and niacin only indirectly 
affect cellulose digestion through an effect on non- 
cellulolytic ruminal bacteria. However, it is equally 
possible that strains of cellulolytic bacteria will be 
found that are affected by these vitamins. 

That biotin, p-aminobenzoic acid (but not vitamin 
Bs), and n-valerate were stimulatory to cellulose di- 
gestion in the mixed cultures studied by Bentley e¢ al. 
(1954) suggests that B. succinogenes was the most 
active organism under their conditions. On the other 
hand, since vitamin Bs was the only vitamin consist- 
ently stimulatory and since no stimulation above that 
with the 
branched-chain volatile fatty acids was obtained when 


obtained amino acid precursors of — the 
n-valerate was added, it is suggested that ruminococe 
were the more active cellulolytic agents in the mixed 
cultures studied by MacLeod and Murray (1956). 

It is of interest that 5 of the 15 strains studied did 
not grow in the complete medium (table 1) and that 
the addition to the growth medium of other factors 
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al., 1954), adenine and guanine (Ayers, 1958), the 
factor of Fletcher (1956), and vitamin Bye. The nature 
of the materials required for growth of these strains is 
a subject for future study. 

The fact that four additional strains of ruminococci 
were shown to require isovalerate substantiates the 
conclusion of Allison et al. (1958) that branched-chain, 
volatile acid-requiring ruminococci are quite numerous 
in the rumen. 


SUMMARY 


One of eight strains of Ruminococcus albus, two of 
five strains of Ruminococcus flavefaciens, and two 
strains of Ruminococcus sp. failed to grow on a medium 
containing casein hydrolyzate, cellobiose, certain 
volatile fatty acids, B-vitamins, minerals, carbonic 
acid-bicarbonate buffer, and cysteine and sulfide- 
reducing agent. Experiments indicated that the five 
strains failing to grow in this medium required a 
factor(s) other than that previously shown to be re- 
quired for growth of any strains of ruminococci. Of the 
10 strains that grew, five had previously been shown to 
require a volatile fatty acid such as isovaleric acid and 
four additional strains were shown to have this growth 
requirement. Five strains of R. albus and two strains 
of R. flavefaciens required biotin, p-aminobenzoic acid, 
and vitamin Bs for growth. One strain of each species 
was similar except that vitamin Bs was not essential 
and the strain of R. albus required folic acid in place 
of p-aminobenzoic acid. Another strain of R. albus 
differed considerably from the others in that riboflavin 
and thiamine, in addition to biotin and folic acid, were 
essential. Differences in nutritional requirements do 
not appear to correlate well with other variable char- 
acteristics within the genus. The similarity of vitamin 
requirements of pure cultures of ruminal cellulolytic 
bacteria to vitamins stimulatory to cellulose digestion 
by the mixed ruminal flora is discussed. 
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Knowledge of the nitrogen compounds utilized for 
growth of ruminal cellulolytic bacteria is of considerable 
importance to an understanding of the nitrogen econ- 
omy of ruminants and of factors affecting ruminal 
cellulose digestion. 

Work with mixed cultures of bacteria from the ramen 
has shown that cellulose digestion occurs with am- 
monia or urea, which rapidly yields ammonia, as the 
sole source of nitrogen (Burroughs et al., 1951). These 
workers and others showed that cellulose digestion 
was stimulated if protein was included and that am- 
monia or urea stimulated cellulose digestion above that 
obtained with protein as nitrogen source. Others have 
shown that certain amino acids can replace the protein 
in stimulation of cellulose digestion. These included 
valine, leucine, and isoleucine (MacLeod and Murray, 
1956), valine, leucine, isoleucine, and proline (De- 
hority et al., 1957) and proline, alanine, and methionine 
(Trenkle, Cheng, and Burroughs, 1957). Hall et al. 


(1954) obtained stimulation of cellulose digestion 
above that obtained with ammonia with materials 


believed to be peptides, whereas Bentley et al. (1954) 
obtained similar results with xanthine, uracil, guanine, 
and adenine. In a survey of nitrogen compounds 
replacing urea as the sole source of nitrogen for cellulose 
digestion by the mixed population, Belasco (1954) 
found that amides of certain monocarboxylic acids, 
guanidine, creatinine, creatine, uric acid, and allantoin 
were quite active. 

In work with mixed cultures, it was never certain 
whether or not the nitrogen compounds stimulating 
cellulose digestion had a direct effect on cellulolytic 
organisms. The work of MacLeod and Murray (1956) 
and Dehority et al. (1957, 1958) indicated that volatile 
fatty acids such as n-valeric plus isovaleric acids could 
replace the amino acids when urea was the only ni- 
trogen source. 

Both groups of workers suggested that the amino 
acids were stimulatory because they were converted by 
other ruminal organisms to the active volatile fatty 
acids. Indeed, work with pure cultures indicates that 
many cellulolytic strains of the genus Ruminococcus 
and Bacteroides succinogenes require volatile fatty acids 
such as isovaleric or isovaleric plus n-valeric acids for 
growth even when supposedly adequate levels of amino 


acids are available (Allison, Bryant, and 


Doetsch, 
1958; Bryant and Doetsch, 1955); and it is also know) 


that other ruminal microorganisms produce thes 
acids from amino acids (El-Shazly, 1952; Dehority 
et al. 1958; Bladen, Bryant, and Doetsch, 1961) and 
n-valerate can be produced from carbohydrate (1lsdey 
et al., 1956). 

Although a considerable number of pure cultures of 
cellulolytic bacteria of undoubted significance in thi 
rumen have been isolated in recent years, relatively 
little work has been done on their nitrogen require- 
ments for growth. Fletcher (1956) and Ayers (1958 
considered amino acids (casein hydrolyzate) to be 
essential for growth of the type strain of Ruminococcus 
albus and a strain of Ruminococcus flavefaciens, re- 
spectively, when grown in media also containing am- 
monia. The latter strain also required adenine and 
guanine. Allison, Bryant, and Doetsch (1959) found 
that very little UL-C™ chorella protein hydrolyzate 
Was incorporated into cells of R. flavefaciens strain C94, 
grown With ammonia as the main source of nitrogen, 
and suggested that the organism synthesizes most of 
its amino acids in preference to utilization of exogenous 
preformed amino acids. Unpublished data of Allison 
indicate that this strain will grow with ammonia as the 
sole source of nitrogen. B. succanogenes did not require 
any amino acid for growth, grew quite well with only 
cysteine and ammonia present in the medium, and 
required ammonia for growth even in the presence oi 
19 amino acids, purines, and pyrimidines (Bryant, 
fobinson, and Chu, 1959). Gill and King (1958) 
found no absolute requirement for any single amino 
acid by a cellulolytic strain of the genus Butyrivibrio 
but no growth occurred when cysteine was the only 
amino acid available. Quite good growth was obtained 
with only histidine, isoleucine, methionine, lysine, 
cysteine, tyrosine, and valine available. It 


interest that large amounts of ammonia were as 


similated and this was not appreciably affected by the 


amount. of casein hydrolyzate in the medium. 


The purpose of the present work was to explore the 
nitrogen requirements of strains of R. albus and R. 
flavefaciens and to obtain further information on the 
nitrogen compounds utilized for growth of B. succino- 
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MATERIALS AND METHODS 


Except as indicated below, materials and methods 
were as described elsewhere (Bryant and Robinson, 
1961). Unless otherwise indicated, the organisms used 
were /?. albus strain 7, R. flavefaciens strain C94, and 
B. succinogenes strain S85. 

The prepare 
inoculum was modified to contain NaSO; in place of 
(NH,)2SO. 

All experimental media were as shown in table 1 of 


anaerobic solution used to washed 


Bryant and Robinson (1961) except that nitrogen- 
containing ingredients with the exception of B-vitamins 
were varied. In the first part of this work (tables 1 and 


TABLE 1 
Effect of ammonia on the growth response of Ruminococcus albus 
and Ruminococcus flavefaciens in media containing 17 amino 
acids, purines, and pyrimidines 


Growth (OD X 100) 
Amount of Each 


Amino Acid (NH4)2504 
R. albus R. flavefaciens 
0.01* Added 91 (19T) 53 (46) 
0.01 Addedt 90 (19) 48 (48) 
0.01 Deletedt 3 (41) $ (43) 
0.02 Addedt 75 (21) 50 (48) 
0.02 Deleted 6 (41) 5 (46) 


* Cysteine-HCl-H.O, 0.05 and 0.10 per cent, for 0.01 and 
0.02 per cent levels of amino acids, respectively. All media con- 
tained 1.0 mg per 100 ml each of adenine-SO,, guanine- HCl, 
uracil, xanthine, and thymine. 

+t Hours of incubation to reach maximal OD. 

t NasSO, was substituted for (NH4)oSO, in an equimolar 
amount. 


TABLE 2 
Effect of some nitrogen sources on growth of some strains of 


Ruminococcus albus and Ruminococcus flavefaciens 


Growth (OD X 100) in Medium No.:* 
Strains 
1 2 3 $ 5 
Ruminococcus albus 
Ds9 ; 97 (18t)/4 (26))95 (18))100 (20) |100 (19) 
B199 .| 69 (42) 9 (44)/69 (42)| 92 (61) |100 (57) 
B,37 .| 67 (40) |7 (25)|69 (39)| 56 (76) | 57 (33) 
20 40 (58) |3 (94)|/65 (49)| 45 (60) | 70 (47) 
Ruminococcus 
flavefaciens 
Bub : .| 44 (45) |6 (42)|50 (45)| GO (56) | 55 (42) 
2) 34 (137)|4 (66)|44 (95)| 20 (137)| 24 (95) 
C4 39 (71) 6 (42)|56 (60)| 60 (50) | 61 (42) 


* Medium 1 contained 17 amino acids (0.01 per cent of each 
except for 0.05 per cent of cysteine-HCl-H.O), purines, and 
pyrimidines (as in table 1) and (NH,4)oSO,4 as nitrogen sources. 
Medium 2 was medium 1 but with NasSO, in place of (NH4)2SOx. 
Medium 3 was medium | minus purines and pyrimidines. Me- 
diun 


> 


$f was medium 3 
medium 3 with casein hydrolyzate in place of amino acids. 


minus amino acids. Medium 5 was 


Hours of incubation to reach maximal OD. 
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2 and figures 1 and 2), the nitrogen-containing in- 
gredients were sterilized separately, combined in the 
appropriate mixtures, freed of Os, and added to the 
tubed medium in either 1- or 2-ml amounts to bring 
the medium to final volume (5 ml) and concentration of 
ingredients. The B-vitamins were added to the medium 
before it was sterilized. 

Individual solutions of tL-alanine, L-arginine, L- 
aspartic acid, L-glutamic acid, glycine, L-histidine- 
HCl-H:O, t-isoleucine, t-lysine-HCl, L-methionine, 
L-phenylalanine, L-proline, L-serine, L-threonine, L- 











100+ 
80} 
o 
° 
*~6ot 
oa 
°o 
= 40} 
> 
°o 
c 
oO 
20} 
0 i i A. i. i 
10 20 30 40 50 
HOURS 


Figure 1. An experiment on the growth response of Rwmino- 
coccus albus (- — —-) and Ruminococcus flavefaciens ) in 
media with ammonia as nitrogen source (X), ammonia plus 
0.01 per cent of each of 16 amino acids and 0.05 per cent of 
cysteine‘ HCl-H.O (@), and ammonia plus casein hydrolyzate 
(O). 
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Figure 2. An experiment on the growth response of Rumino- 
coccus albus and Ruminococcus flavefaciens to different con- 
centrations of ammonia in media containing 0.02 per cent 
(w/w) of each of 16 amino acids and 0.1 per cent of eysteine- 
HCl-H:0 (X), half this amount of amino acids (O), 
amino acids (@). 


and no 
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tryptophan, t-valine, further purified ‘vitamin-free”’ 
acid hydrolyzed casein (Bryant and Robinson, 1961), 
glutathione, (NH4)eSO,, and KNQO; were prepared in 
screw-cap bottles, autoclaved at 15 lb for 5 min, and 
held in the refrigerator. Adenine -SO, and guanine- HCl 
were dissolved in 1 nN HCl and uracil, xanthine, and 
thymine were dissolved in 1 N KOH and sterilized as 
above. Solutions of asparagine, glutamine, and urea 
were sterilized by filtration through sintered glass or a 
Millipore filter. 

Various mixtures of the nitrogen compounds were 
freed from oxygen by heating in a boiling water bath 
and then equilibrating with CO, before being added to 
tubes of medium. The heat-labile materials, urea, 
asparagine, and glutamine were equilibrated well with 
CO, without heating to drive out Or. 

In later work, 0.01 per cent of each of the amino 
acids, other than cysteine (table 3 and figure 4), and 
Trypticase (table 4 and figure 3) were added to the 
media before they were sterilized. 

The specific nitrogen-containing 
media are given in the Results. 

In the determination of ammonia and “protein’”’ 
nitrogen of cultures, aliquots were diluted with 20 
per cent trichloroacetic acid (TCA) to a final concen- 
tration of 5 per cent TCA. After overnight refrigera- 
tion, the material was centrifuged at about 6000 X g 
for 10 min and ammonia nitrogen was determined on 
the supernatant fluid. The precipitate was washed 
twice with 5 per cent TCA and the pellet was suspended 
in 6 N HCl, sealed into the tube with a flame, and 
placed in an oven overnight at 105 to 110 C to render 
the nitrogen soluble. Total nitrogen was determined 
utilizing the digestion and nesslerizing procedure out- 
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Figure 3. Relation of ammonia nitrogen uptake and 5 per 
cent TCA-precipitated nitrogen produced during growth in 
media containing high and low levels of enzymatic hydrolyzate 
of casein (Trypticase). Ruminococcus albus ( 
coccus flavefaciens (- 


}; Rumino- 
-); Bacteroides succinogenes (- ); 
Streptococcus bovis (— - —). One per cent Trypticase medium 


(@); 0.1 per cent Trypticase medium (O). 


flavefaciens strain C94 utilizes ammonia as its sole 


VOL, 4 


lined by Umbreit, Burris, and Stauffer (1957) Am. 


monia nitrogen was determined by microdiffu- on jy 
Conway units from saturated KsCO; to 0.1 N !LS0, 
and nesslerizing as above. Cell nitrogen was deter. 
mined on cells centrifuged and washed twice in « soly- 


tion containing 0.85 per cent NaCl and 0.2 per cent 
formaldehyde. The method of Umbreit et al. (1957 
was used. Aliquots of cultures were analyzed for am.- 
monia nitrogen and cell or protein nitrogen when they 
had reached approximately 0, 4, %, 34, and max. 
imal growth as measured by optical density (OD). 


RESULTS 
Results in figure 1 and table 2 confirm the unpub- 
lished results of Allison (1958) indicating that & 


source of nitrogen other than the small amount of 
nitrogen from B-vitamins and show that all other 
strains of ruminococci studied had this characteristic. 

Growth of most strains was better, particularly as 
judged by the time required to reach maximal OD, 
when the medium contained casein hydrolyzate. Hovw- 
ever, growth was often quite good without either casein 
hydrolyzate or amino acids. The difference in time 
required to reach maximal growth appeared to be due 
mainly to lag rather than the growth rate in the log- 
arithmic phase (figure 1). 

Figure 1 also shows the rapid drop in OD after the 
maximum has been reached as indicated elsewhere 
(Bryant and Robinson, 1961). 

Experiments shown in tables 1 and 2 show that 
ammonia was essential for growth of all strains oi 
ruminococci studied even in the presence of 17 amino 
acids, purines, and pyrimidines. The small amount of 
growth obtained when no ammonia was added to the 
media can be attributed to the small amount of am 
monia always present in media as a contaminant. Much 
of this was introduced as a contaminant of amino acid 
solutions. Previous experiments had resulted in a 
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Figure 4. An experiment on the growth of Bacteroides svc 
cinogenes in media containing 0.01 per cent of each of 17 amino 


acids and different concentrations of NH; (@), glutamine (0), 


and asparagine (X). 
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similar demonstration of an ammonia requirement for 
B. succinogenes (Bryant et al., 1959). 

Experiments indicated that about 4 um per ml NH; 
(NH,)2SO,4) were required for optimal 
growth as measured by OD of both R. albus and R. 


(added as 


TABLE 3 
Effect of various single nitrogen compounds on growth of Rumino- 
coccus flavefaciens strain C94, Ruminococcus albus strain 7, 
and Bacteroides succinogenes in a basal medium containing 
0.01 per cent of each of 17 amino acids and a growth limiting 
concentration (1 um per ml) of ammonia 


Growth (OD X 100) 
Nitrogen Compound 
Z R. albus B. 


avefaciens succinogenes 


Experiment 4:* 


None... 21 (30T)) 20 (29) 73 (21) 
(NH4)oSOg, 7 uM 60 (41) 80 (27) | 105 (25) 
Tryptophan, 2 uM 26 (34) | 23 (24) | 73 (24) 
Tryptophan, 4 um 23 (41) | 24 (25) | 33 (87) 
Experiment 6: 
None ; : 24 (24) 20 (23) 70 (20) 
(NH4)2SOq4, 7 uM 55 (27) 89 (24) | 108 (21) 
Uracil, 2 um.. 21 (24) 18 (22) 50 (19) 
Uracil, 4 uM. 5 (19) 18 (22) 37 (20) 
Xanthine, 2 pM.. (25) 14 (22) 50 (19) 


l 

1 (24) 23 (24) 48 (18) 
8 (41) 15 (22) 35 (20) 
2 (19) 20 (41) 1 
] 


2 
Thymine, 2 uM 2 
Thymine, 4 uM 1 
Adenine, 2 uM 


> (50) 


Adenine, 4 uM.. (19) 3 (24) 2 (24) 

Asparagine, 2 uM 22 (24) 18 (22) 95 (24) 

Asparagine, 4+ uM 23 (24) 18 (22) | 97 (25) 
Experiment 6: 

None. 22 (27) 21 (24) 66 (17) 

Glutamine, 2 uM.. 28 (27) 28 (24) | 110 (23) 

Glutamine, 4 uM 31 (27) 30 (24) | 110 (22) 


* Other compounds tested that had no apparent effect on 
growth at either the 2 or 4 uM level were as follows: experiment 
1, glutamie acid, aspartic acid, arginine, and alanine; experi- 
ment 2, glycine, histidine, lysine, methionine, and leucine; 
experiment 3, phenylalanine, threonine, valine, isoleucine, and 
proline; experiment 4, serine, cysteine, glutathione, and 
KNOs;; experiment 5, urea. 

+ The figures in parentheses refer to the hours of incubation 
required to obtain maximal OD. 


TABLE 4 
Some data on ammonia nitrogen fixed and cell nitrogen produced 
during growth of Ruminococcus flavefaciens, Ruminococcus 
albus, Bacteroides succinogenes, and Streptococcus bovis in a 
medium containing ammonia and 1 percent Trypticase as nitro- 


gen sources 


flavefaciens R. albus B. succinogenes S. bovis 


NH:-N | 


i 


Cell-N 


Cell-N NH3-N | Cell-N NH:-N Cell-N | NH3-N 
| 


uM per ml 


0.45 1.16 1.02 1.28 | 0.27 0.70 | 0.88 | 0.02 
1.2] 2.38 | 2.48 2.51 1.06 


1.66 2.77 |—0.24 
1.81 3.38 3.84 4.18 1.99 2.98 3.81 0.01 
2.78 4.65 4.80 4.66 3.64 5.43 4.46 0.02 


flavefaciens when different concentrations were added 


to medium 3 (table 2) minus (NH4)oSOx. 

It was evident (figure 2) that similar and quite large 
concentrations of ammonia were essential to a certain 
level of growth regardless of the concentration of 
amino acids. The slightly increased growth in media 
containing amino acids was due to the contamination 
of the amino acids with ammonia. If the a-amino 
nitrogen of only one of those amino acids present in 
the lowest molar concentration (0.48 um per ml) had 
been utilized in place of ammonia, it should have 
resulted in an increase of a minimum of 0.1 OD units 
in the medium with the low level amino acids as com- 
pared to the medium with none. 

The results (figure 2) also show that the high level 
of amino acids (0.02 per cent of each) and ammonia 
inhibited growth of R. albus. This inhibition of growth 
by the higher level of amino acids was more evident in 
both species at all three levels of ammonia when time 
to reach maximal OD was considered. The values were 
32 and 40 hr, 28 and 41 hr, and 38 and 67 hr for R. 
albus and R. flavefaciens at the 0, 0.01, and 0.02 per 
cent levels of amino acids, respectively, at the 3.4 um 
per ml level of ammonia. Similar differences between 
the cultures with the high level of amino acids and 
those with the low level or no amino acids were evident 
at the 0.34 and 1.36 um per ml concentration of am- 
monia. 

Results of another series of experiments (table 3) 
showed that the growth of neither the ruminococci nor 
B. succinogenes was stimulated by various single addi- 
tions of larger amounts of nitrogen compounds other 
than ammonia to medium containing a growth-limiting 
amount of ammonia and 0.01 per cent of each of 17 
amino acids. Exceptions to this were the apparent 
stimulation of B. succinogenes by the amides, glutamine 
and asparagine. The results also showed that some of 
the nitrogen compounds were quite inhibitory to growth 
in the concentrations used. These concentrations were 
such that approximately maximal growth of the ru- 
minocci would have been obtained if one mole of 
nitrogen had been available per mole of the higher 
level of compound added. . 

Data in figure 4 show that a good growth response of 
B. succinogenes was obtained to low levels of glutamine 
and asparagine when no ammonia was added to the 
medium but growth never was as abundant at higher 
levels of amide as with ammonia. Also, growth on 
amides was much slower than on ammonia. The points 
of maximal OD shown in figure 4 were reached in 16 
to 18 hr for ammonia, 32 to 37 hr for glutamine, and 
56 to 67 hr for asparagine. The difference between 
glutamine and ammonia was due both to a longer 
lag in growth and a slower logarithmic growth rate on 
glutamine, whereas the difference between amides was 
due mainly to a longer lag before growth on asparagine. 
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The results to this point (tables 1, 2, and 3 and 
figure 2) indicated that R. albus, R. flavefaciens, and B. 
succinogenes had a large growth requirement for 
ammonia and that many other nitrogen compounds 
could not replace it. It was suggested that the organ- 
isms could not utilize organic nitrogen for growth. 
To obtain further evidence on this point, attempts 
were made to directly determine ammonia uptake and 
cell nitrogen produced during growth. 

Results in table 4 show that, with R. albus, cell 
nitrogen produced was approximately equivalent to 
ammonia nitrogen fixed in a medium containing a 
high level of amino acids and peptides. With R. flave- 
faciens and B. succinogenes, the amount of ammonia 
fixed considerably exceeded the apparent cell nitrogen 
produced. However it was noted that there was often 
a considerable drop in turbidity of the cells of B. 
succtnogenes, suggesting lysis during the centrifugation 
and washing procedure. This was believed to explain 
much of the low values obtained for cell nitrogen as 
compared to ammonia uptake, at least with this 
organism. 

Streptococcus bovis was included as a control which, 
it was assumed, would utilize amio acid and/or peptide 
nitrogen in preference to ammonia nitrogen during 
growth. It is known that this organism does not produce 
ammonia from (Niven, Smiley, and 
Sherman, 1942) but is capable of utilizing ammonia 
as its sole source of nitrogen for growth (Wolin, Man- 


amino acids 


ning, and Nelson, 1959; Prescott, Williams, and Rag- 
land, 1959). The data (table 4) indicate that the 
assumption was correct. 

Further experiments were done in which TCA- 
precipitable nitrogen was determined in place of cell 
nitrogen and both high amino acid (1.0 per cent Trypti- 
cease') and low amino acid (0.1 per cent Trypticase) 
growth media were used (figure 3). 

In the case of the cellulolytic organisms, ammonia 
nitrogen fixed exceeded the TCA-precipitable nitrogen 
produced and this occurred regardless of the amino 
acid level. On the other hand, the control organism, 
S. bovis, did not fix an appreciable amount of ammonia 
nitrogen except in the low amino acid medium. 

The results (table 4 and figure 3) suggest that R. 
may have 
ammonia nitrogen because ammonia fixed was consid- 
erably greater than 
precipitable nitrogen synthesized. 


flavefaciens excreted considerable non- 


either cell nitrogen or TCA- 


DISCUSSION 


The eight strains of ruminococci studied, five of 
R. albus and three of R. flavefaciens, are representative 
of 10 strains studied previously for vitamin require- 


ments (Bryant and Robinson, 1961). Five other 


' Baltimore Biological Laboratory, Inc., Baltimore, Mary- 
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strains could not be grown in media of know: com. 
position. 

The facts that all strains studied required an. monia 
for growth in the presence of purines, pyrimidin: <, and 
17 amino acids and could utilize ammonia as thie sole 
source of nitrogen, other than that in B-vit:mins. 
suggest that this genus is much more homogene:jus jy 
nitrogen requirements than in other characteristics 
such as B-vitamin requirements (Bryant and Robinson, 
1961), fermentation products, and other characteristics 
(Bryant, 1959). However, it is possible that some of 
the five strains that could not be grown in media of 
known composition have more exotic nitrogen re. 
quirements. Also, the work of Fletcher (1956) and 
Ayers (1958) suggested that a strain of R. albus in 
one of R. flavefaciens, respectively, required amino 
acids (protein hydrolyzates) for growth. The latter 
strain also required adenine and guanine for growth, 
whereas no other strains of ruminal cellulolytie bacteria 
so far studied are even stimulated by these compounds. 

It is of considerable interest that many strains of 
the heterogeneous group of cellulolytic bacteria that 
appear to be of most significance in the rumen, that 
is, the ruminococci, B. succinogenes, and members of 
the genus Butyrivibrio, appear to have similar and 
relatively simple nitrogen requirements. All strains 
of B. succinogenes so far studied are similar to the 
ruminococci in that ammonia was utilized as the sole 
source of nitrogen and appeared to be essential for 
growth (Bryant et al., 1959). No single amino acid 
was essential for growth of a strain of Butyrivibrio 
and a ammonia was assimilated 
regardless of the amino acid level in the growth medium 
(Gill and King, 1958). No attempt was made to de- 
termine whether this organism could be grown in the 
absence of ammonia. 


large amount of 


The following facts show that B. succinogenes, R. 
albus, and R. flavefaciens cannot utilize nitrogen from 
many exogenous, preformed compounds for synthesis 
of quantitatively important and essential cellular 
constituents which are synthesized with utilization of 
ammonia nitrogen. (a) Ammonia was essential for 
growth of ruminococei (tables 1 and 2) and B. succino- 
genes (Bryant et al., 1959) in media containing amino 
acids, purines, and pyrimidines; (b) similar and high 
levels of ammonia were essential for growth of rumino- 
cocci regardless of the level of an amino acid mixture 
added to the medium (figure 2); (c) large amounts of 
many single nitrogen sources did not significantly 
stimulate growth of ruminococci or B. succinogenes 
above that obtained by a growth-limiting concen- 
tration of ammonia in a medium containing amino 
acids (table 3); and (d) ammonia fixation was approxi- 
mately equal to or was greater than cell nitrogen or 
TCA-precipitable nitrogen synthesized when deter- 
mined at four different times during growth in media 
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containing both high and low levels of amino acids 
and peptides (figure 3 and table 4). The finding of 
Bladen et al. (1961) that, of many strains of rumino- 
cocci and B. succinogenes tested, none produced am- 
moni from protein hydrolyzate tends to substantiate 
this conclusion, as do the results of Allison et al. (1959) 
indicating that R. flavefaciens strain C94 incorporated 
into cell protein only a very small amount of C' 
from protein hydrolyzate (2.7 per cent of that in- 
corporated by Escherichia coli for a similar amount of 
growth in the same medium except that glucose was 
substituted for cellobiose). 

These facts also make it seem highly likely that all 
but possibly a very small amount of cell nitrogen of 
these organisms is synthesized from exogenous ammonia 
even when large amounts of exogenous, preformed 
organic nitrogen is present in the growth medium. It 
is possible but doubtful that the strains convert am- 
monia to other nitrogen compounds but utilize mainly 
other preformed organic nitrogen, if available, for cell 
synthesis. Direct experimental evidence on this possi- 
bility must with compounds 
containing N?!, 

Although few species of microorganisms have been 
studied for this characteristic, the authors have found 
reference to no species other than the present ruminal 
species and ruminal strains of Lactobacillus bifidus 
(Phillipson, Blackburn, 1959) that 
appear to utilize ammonia in preference to a mixture 
of exogenous amino acids for a major part of their cell 


involve experiments 


Dobson, and 


nitrogen. The present study indicates that S. bovis, 
another organism common to the rumen, prefers 
mixtures of amino acids and/or peptide. Roberts et 
al. (1957) have shown that LF. coli, Torulopsis utilis, 
and Neurospora crassa utilize the carbon of preformed 
amino acids in preference to synthesizing them from 
glucose carbon and, in competition experiments be- 
tween single N'-amino acids and N-ammonia, it 
was indicated that a large share of cell nitrogen in 
E. coli came from amino acids such as aspartic acid 
and alanine. Warner (1956) showed that another 
of E. coli preferentially utilized N'-lysine 
rather than N'-ammonia for formation of cell lysine 
even when 96 per cent of the nitrogen of the medium 
Was in the form of ammonia. It would be of interest 
to determine whether or not some of the autotrophic 
bacteria prefer to synthesize amino acids from am- 
monia rather than utilizing preformed amino acids. 
Cellulolytie bacteria utilizing ammonia rather than 
amino acids for cell nitrogen synthesis would appear 


strain 


to be well adapted to survival in the rumen. The rumen 
almost always contains relatively large amounts of 
ammonia and the level of free amino acids and pep- 
tides is almost always low and falls rapidly within 2 
or 3 hr after the animal is fed (Annison and Lewis, 


media | 1959). Bacteria utilizing energy sources more readily 








available than cellulose, for example S. bovis, may 
assimilate most of the soluble organic nitrogen. The 
ability to use preformed amino acids for growth may 
have been lost by the cellulolytic organisms because 
it was of little value for their survival in the rumen. 

Although data in table 3 and figure + indicate that 
B. succinogenes can utilize the nitrogen of glutamine 
and asparagine for growth, it is possible that these 
compounds as such are not metabolized. It is well 
known that the amide nitrogen of these compounds 
is easily converted to ammonia by nonenzymatic 
reactions and, perhaps, this ammonia accounts for 
the growth obtained. However, two points suggest 
that this is not the case. (a) Control experiments 
indicated that only 0.33 um per ml of ammonia was 
produced in 66 hr in the uninoculated medium (figure 
4) containing 1.64 um of glutamine, whereas growth 
corresponding to over 1.2 uM of ammonia uptake in 37 
hr occurred when the medium was inoculated. If 
nonspecific materials produced during growth allowed 
ammonia production from glutamine at a faster rate 
than in the uninoculated medium, it is surprising that 
the ruminococei did not also respond to glutamine 
(table 3). (b) The amide nitrogen of asparagine is 
much more stable than glutamine yet the organism 
grew at similar logarithmic growth rates on the two 


compounds suggesting that the nitrogen became 
available at similar rates probably via enzymatic 
reactions. 


Growth curves of B. succinogenes, grown in basal 
medium (table 3) with glutamine, glutamine plus 
limited ammonia (1 uM), or ammonia only added, 
suggested that the organism utilized ammonia _pref- 
erentially. In the medium containing both nitrogen 
sources the growth rate was similar to that with 
ammonia only until growth slightly in excess of that 
obtained with 1 yum of ammonia only was obtained. 
At this point the growth rate decreased to that of 
glutamine. From the position of the break in the growth 
curve, it appeared that only about 0.16 um of glutamine 
nitrogen was used during the use of 1.0 um of ammonia. 
Similar results were obtained with asparagine except 
that the break in the growth curve more closely ap- 
proximated that of 1 um of ammonia only. 

When 1 uM per ml of ammonia was added to the 
medium (table 3), a higher concentration of glutamine 
or asparagine (4 um per ml) did not limit growth nearly 
to the extent of that obtained when no ammonia was 
added (figure 4). A possible explanation of this was 
that decomposition products of the amides might be 
inhibitory rather than the amides as such and these 
products were not present in critical amounts in the 
ammonia-containing medium because of the pref- 
because of the 


erential utilization of ammonia or 


shorter time interval for growth. 


A comparison of the growth response of B. succino- 


102 


genes to the amides and ammonia (figure 4) suggest 
that both amide and amino nitrogen of the amides 
are utilized. However, more definitive experiments on 
this point are needed. 


ACKNOWLEDGMENT 


Critical discussions with Milton J. Allison through- 
out the course of this study are gratefully acknowl- 
edged. 


SUMMARY 


All strains of ruminococci studied, three of Rumino- 
coccus flavefaciens and five of Ruminococcus albus, were 
shown to grow with ammonia as the sole source of 
nitrogen other than that in B-vitamins. Ammonia was 
essential for their growth in the presence of 17 amino 
acids, 3 purines, and 2 pyrimidines. Similar amounts 
of ammonia were necessary for growth of R. albus 
strain 7 and R. flavefaciens strain C94 regardless of the 
amounts of amino acids in the medium. None of many 
single compounds tested would increase 
growth of these strains above that obtained with a 
growth-limiting concentration of ammonia (1 uM per 
ml) in a medium also containing 17 amino acids. 
These compounds included 17 amino acids, 3 purines, 


nitrogen 


2 pyrimidines, glutathione, NOs, urea, asparagine, and 
glutamine. Bacteroides succinogenes strain S85, pre- 
viously shown to require ammonia in the presence of 
amino acids, grew with the latter two compounds added 
as nitrogen sources in place of ammonia but grew at a 
slower rate than with ammonia. 

Experiments on strains 7, C94, and S85 indicated 
that similar amounts of ammonia were fixed during 
growth in media containing high and low levels of 
amino acids and peptides (Trypticase) and the amount 
of ammonia fixed was about equal to or greater than 
the amount of cell nitrogen or trichloroacetic acid- 
precipitable nitrogen synthesized. A control organism, 
Streptococcus bovis, did not fix an appreciable amount 
of ammonia except on the low amino acid medium. 

The results make it seem likely that B. succinogenes, 
R. albus, and R. flavefaciens, important digesters of 
cellulose in the rumen, synthesize all but possibly a 
very small amount of their cellular nitrogen com- 
pounds from exogenous ammonia even when large 
amounts of preformed organic nitrogen are present in 
the growth medium. 
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A Slit Sampler for Collecting T-3 Bacteriophage and Venezuelan 


Equine Encephalomyelitis Virus 


I. Studies with T-3 Bacteriophage 


CHARLES M. DAHLGREN, HERBERT M. Decker, AND J. BRucE HarstTap 


U.S. Army Chemical Corps, Fort Detrick, Frederick, Maryland 


Received for publication May 24, 1960 


Continuous sampling of air to detect pathogens is 
essential in the conduct of hazardous operations and 
in monitoring infectious disease wards, and could have 
significance in instances of massive air pollution. 
Sampling devices employing liquid collecting media 
for the impingement of air-borne microorganisms, 
although quite satisfactory for laboratory use in the 
sampling of air for short periods of time, do not meet 
the requirements for satisfactory sampling over long 
periods. Problems associated with liquid impingers 
are (a) evaporation of the collecting fluid, (b) the 
relatively small volume of air passing through the 
sampler limits these devices to sampling of relatively 
highly concentrated aerosols, and (c) the high air 
velocity is detrimental to the survival of certain 
organisms after 10 to 15 min of operation (Shipe, 
Tyler, and Chapman, 1959; Tyler, Shipe, and Painter, 
1959). These disadvantages have been overcome in 
the sampling of bacterial aerosols by the use of slit 
samplers in which the organisms are impacted directly 
upon a solid collecting medium which also serves as a 
nutrient during the sample. Many 
studies have shown these samplers to be highly efficient 


incubation of 


in the collection and quantitation of bacterial cells and 
spores in aerosols of low to moderate concentrations 
(Bourdillion, Lidwell, and Schuster, 1948; DuBuy, 
Hollaender, and Lackey, 1945; Decker and Wilson, 
1954; Kuehne and Decker, 1957; and Decker et al., 
1958). Sampling times and air volumes are both in- 
creased markedly over the maximum obtainable with 
liquid impingers. 

[f a suitable solid medium of sufficiently low melting 
point to permit liquefaction and dilution at temper- 





atures tolerated by the virus could be used, the slit 
sampler would possess the theoretical capability of 
sampling viral aerosols. 

It is the purpose of this paper to report on (a) the 
ability of the slit sampler to recover aerosolized virus 
particles when using gelatin collecting media, (b) the 
comparison of the slit sampler with the all-glass im- 
pinger for collection of aerosolized virus particles, (¢) 
the effect of culture plate aeration on sampling virus 
aerosols with the slit sampler, and (d) the use of the 
slit sampler for simultaneous collection of bacterial 
and viral aerosols by modifying a standard culture 
plate and using two different collecting media. 


MATERIALS AND MeEtTHODS 
The slit sampler (figure 1) developed by Decker and 
Wilson (1954) was used in these studies to sample 
l-hr periods. This 
sampler is operated by drawing air by vacuum through 


T-3 bacteriophage aerosols for 


the slit opening in the top of the sampler at a rate. of 
1 cu ft per min. The virus particles in the air are im- 
pacted on the surface of a solid gelatin medium con- 
tained in a plastic culture plate (150 by 20 mm), which 
is rotated at a uniform rate beneath the slit by a 
timer mechanism located in the base of the sampler. 
A 1-hr timer, which allowed the plate to make 1 revolu- 
tion per hr, was used in this sampler. 

Aerosolization of T-3 bacteriophage. Escherichia coli 
bacteriophage T-3 suspensions were produced in Petri 
dishes on a solid F medium (Adams, 1959). The lysates 
were harvested from the surfaces of the agar plates by 
washing with a few milliliters of distilled water. The 
lysates were purified by centrifugation at moderate 
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speeds to remove bacterial debris and larger particulate 
matter and finally by filtration through membrane 
filters. 

The T-3 bacteriophage aerosol studies were con- 
ducted in a 1500-L Plexiglas chamber. Dynamic 
aerosols were produced by atomizing T-3 bacteriophage 
(2 X 10" particles per ml) suspended in sterile, filtered 
water with a Vaponefrin nebulizer.' A temperature of 
20 to 24 C and a relative humidity of 70 to 74 per 
cent were maintained inside the chamber. Particle 
under these 
conditions showed that 96 per cent of the particles 
were in the size range of 0.5 to 1 uy. 

Sampler evaluation. Slit samplers operating for 60 


size studies of the aerosols generated 


min and containing either a 6 per cent or a 12 per cent 
gelatin medium were used for collection of the test 
aerosol. For comparative purposes, four all-glass 
impingers (AGI-30) (Wolf et al., 1959) with the stem 
orifice located 30 mm from the bottom of the impinger 
were used. These were operated consecutively for 15 
min each over the same sampling interval as the slit 
sampler at 12.8 L per min. 

The impinger collecting liquid was 20 ml of heart 
infusion broth plus 1 drop of Dow Corning? antifoam 
B to minimize foaming. The slit sampler collecting 
media were 6 and 12 per cent gelatin in 100 ml of 
phosphate buffer solution. The gelatin media were 
allowed to liquefy at 37 C for 30 min before assaying. 
The contents of the four AGI-30 samplers were pooled 
and a single assay of the aerosol concentration was 
obtained. All collecting media were assayed for T-3 
bacteriophage by making serial dilutions in nutrient 
broth and plating 1-ml aliquots in triplicate, using the 
agar layer method described by Adams (1959). Fresh 
nutrient broth cultures of EF. coli strain B, aerated on 
a shaking machine for 4 to 6 hr, were used for phage 
assays. The phage plaques were counted after incuba- 
tion at 35 C for 7 hr, and the number of phage particles 
recovered per liter of air sampled was calculated for 
ach sampler. 


‘The Vaponefrin Company, Upper Darby, Pennsylvania. 
* Dow Corning Corporation, Midland, Michigan. 





Figure 1. Slit sampler and culture plates 






oo 





Effect of plate aeration on sampling T-3 bacteric rhage. 
Three slit samplers, each containing solid 12 per cen 
gelatin medium, collected aerosol samples undcr the 
following conditions: (a) sampled for 15 mii and 
aerated for 45 min, (b) aerated for 45 min and sampled 
for 15 min, and (c) sampled for 15 min with no aeration 
before or after sampling. The aeration was accom- 
plished by drawing filtered air from the aerosol chamber 
through the sampler. Since three slit samplers were 
used in this experiment, all three procedures could be 
tested at the same time in the same aerosol, with the 
actual sampling of each procedure occurring simultane. 
ously. The gelatin medium was assayed for T-3 bacierio- 
phage in the same manner as described earlier. 

Simultaneous collection of T-3 bacteriophage and 
Bacillus subtilis var. niger. The standard (150 by 20 
mm) culture plate that is used in the slit sampler was 
divided into two sections by inserting a plastic annular 
ring in the center of the plate (figure 1). This modifiea- 
tion enabled two different collecting media, one for 
viruses and the other for bacteria, to be used in the 
same plate. In this experiment, 12 per cent gelatin in 
phosphate buffer solution was used in the outer ring 
for the collection of T-3 bacteriophage, and nutrient 
agar was used in the inner ring for the collection of B. 
sublilis var. nager. 

Three slit samplers sampled a mixed aerosol of T-3 
bacteriophage and B. subtilis var. niger for 60 min at 
a rate of 1 cubic foot per minute. After sampling, the 
gelatin medium was removed from the plate and 
assayed for T-3 bacteriophage. The agar portion of 
the plate was incubated at 37 C for 24 hr and counted. 

RESULTS 

Comparison of the all-glass impinger and _ the slit 
sampler. Using the AGI-30 as unity, the results of 10 
trials, summarized in table 1, show that the average 
per cent recovery for each slit sampler was 68.4 when 
6 per cent gelatin was used and 75.3 when 12 per cent 
gelatin was used. In 9 of the 10 trials, the 6 per cent 
gelatin started to liquefy after 45 to 50 min of sampling. 
In all trials, the 12 per cent gelatin remained solid 
during the 60-min sampling period. 


TABLE 1 
Recovery of T-3 bacteriophage aerosols with slit 
and AGI-30 samplers 


Avg Per Cent 
Recovery 
Compared 

with AGI-30" 


Sampler Media 


Slit, 1 hr Gelatin, 6% 68.4 
Slit, 1 hr Gelatin, 12°, 75.3 
AGI-307 Heart infusion broth 100 


* Each figure represents an average of 10 trials. 
+ Four 15-min samples were pooled. 
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Ejiect of plate aeration on sampling T-3 bacteriophage. 
The results of 15 trials indicate that 45 min of aeration 
either prior to or after the collection of a 15-min aerosol 
sample has no detrimental effect on the viability of 
the sampled virus. The recovery of virus during the 
last 15 min of sampling approximated the recovery 
during the first 15 min. These data are indicative of a 
consistent sampling efficiency over the 60-min sampling 
period. 

Simultaneous collection of T-3 bacteriophage and B. 
subtilis var. niger. The results of 10 trials show that the 
slit sampler equipped with a divided plate to accom- 
modate both a gelatin and an agar medium can be 
used to recover viral and bacterial particles simultane- 
ously from a mixed aerosol over a 60-min sampling 
period. 


DISCUSSION 


These studies show that the slit sampler can be 
used to collect air-borne T-3 bacteriophage particles 
continuously for 1 hr on 12 per cent gelatin with a 
good collection efficiency. Recoveries of T-3 bacterio- 
phage with the slit sampler are comparable to those 
of the high-velocity liquid impinger. The slit sampler 
collection efficiency is consistent over a 1-hr sampling 
period and once the virus particles are collected on the 
gelatin surface, continued sampling over the remainder 
of the plate has no effect on the virus already collected. 
When the slit sampler is equipped with a divided plate 
containing a gelatin and an agar medium, it is capable 
of collecting, with good efficiency, a mixed viral and 
bacterial aerosol. 
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SUMMARY 


Slit samplers have been used to collect an aerosol of 
T-3 bacteriophage continuously for 1 hr on 12 per 
cent gelatin with good efficiency. The collection effi- 
ciency is consistent over a 1-hr period. A 45-min aeration 
period has no detrimental effect on the virus already 
collected, and no dehydration of the 12 per cent gelatin 
medium was observed. The slit sampler with appropri- 
ate media has been shown to possess a potential ca- 
pability of sampling simultaneously a mixed viral and 
bacterial aerosol. 
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ERRATUM 


In the Microbiological Process Discussion, 


“An Approach to the Kineties of Microbiological De- 


terioration,’ A. David Baskin and Arthur M. Kaplan, Appl. Microbiol., 8, 1960, errors appear in}two 


formulas on page 320. The correct formulas are: 
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Equine Encephalomyelitis Virus 


II. Studies with Venezuelan Equine Encephalomyelitis Virus 
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The preceding paper of this series (Dahlgren, Decker, 
and Harstad, 1961) reported the effective employment 
of a slit sampler for the continuous collection of T-3 
bacteriophage on a gelatin-base impingement medium. 

This paper presents results of use of this sampler for 
collection of a prototype viral pathogen, the virus of 
Venezuelan equine encephalomyelitis (VEE). 


MATERIALS AND MeEtTHOobs 


The virus employed was the fourth mouse brain 
passage of a strain of VEE virus recovered from a 
human infection in Colombia. The virus was suspended 
in phosphate buffer soluton (PBS),' pH 7.5, containing 
2 per cent normal rabbit serum (NRS) to which anti- 
foam A? had been added to facilitate aerosolization. 

The virus suspension was aerosolized with a Collison® 
generator in a modified Henderson‘ apparatus 6 in. 
in diameter at a temperature of 25 C and a relative 
humidity of 80 per cent. The aerosol volume was 20 
standard cu ft (SCF) per min. Three sampling ports 
are integrated into the apparatus and are located 4, 6, 
and 8 ft from the generator. 

In the first experiment, an aerosol was continuously 
generated for 4 min. In the second experiment, three 
15-min aerosols were generated. 

In the first experiment, sampling was done at each 
of the three ports mentioned above during the period 
of aerosol generation. At each port, one 5-min_ slit 
sampler (Decker and Wilson, 1954), two all-glass 
impingers (AGI-30), and 10 mice directly exposed to 
the aerosol were employed. The slit sampler plates 
contained 113 ml of solid medium containing 2 per 
cent NRS and 8 per cent Bacto-gelatin® in PBS. 
Because the samplers were operated at 1 SCF per 
min (28.3 L) for 4 min, 1 ml of collecting medium was 


‘ Composition: 0.8 per cent NaCl, 0.02 per cent KCl, 0.115 
per cent NasHPO,, 0.02 per cent KH»2PO,, 0.001 per cent CaCl, 
0.01 per cent MgCl.-6H-O; pH 7.5. 

* Dow-Corning Corporation, Midland, Michigan. 

8 Drawing no. F-93-1-5001, Engineering Division, Fort De- 
trick, Maryland. 

Drawing no. A-93-1-1779, Engineering Division, Fort De- 
trick, Maryland. 

° Difco Laboratories, Ine., Detroit, Michigan. 


equivalent to 1 L of air sampled. The AGI-30 samplers 
operated at 12.5 L per min, and each contained 20 m| 
PBS, 2 per cent NRS, plus Dow Corning antifoam A: 
thus, 0.4 ml of collecting fluid was equivalent to 1 L 
of air sampled. 

In the second experiment, sampling was done at the 
4-ft and 6-ft ports. At each, a 1-hr slit sampler, paired 
AGI-30 samplers, and direct exposure of 10 mice were 
employed. The slit sampler plate used to sample all 
three aerosols contained 127.4 ml of medium. Each 
milliliter was equivalent to 10 L of aerosol. The AGI- 
20 samplers were changed for each 15-min_ aerosol 
generation. They contained 18.75 ml of collecting 
fluid, making 1.0 ml equivalent to 10 L of aerosol 
sampled. 

The mice employed 28-day-old, modified 
pathogen-free, Bagg strain, albino Swiss mice. 

The fluid from the two impingers at each port was 
pooled and 10-fold serial dilutions made in PBS con- 
taining 2 per cent NRS. One-half milliliter of each of 
the dilutions made was inoculated intraperitoneally 
into each of six mice per dilution. The solid medium in 
the slit sampler plates was liquefied by incubating at 
37 C for 30 min. Ten-fold serial dilutions of the liquefied 
medium were similarly prepared and inoculated into 


were 


mice in the same manner as the impinger fluids and 
their dilutions. Aliquots of these samples stored in the 
frozen state were subsequently assayed by titration in 
the embryonated hen’s egg and by tissue culture 
plaque counts to estimate viral population. 


RESULTS 


Titration of the virus suspension used in generating 
the 4-min aerosol in the first experiment showed it to 
contain 3.6 X 107 mouse intraperitoneal LDs9 per ml. 
All mice exposed directly to the aerosol succumbed. 
Deaths occurred fourth and 


post-exposure days. Estimates of the live virus re- 


between the seventh 
covered by the slit samplers and by the impingers are 
presented in table 1. 

In the second experiment, the virus suspension used 
to generate the three 15-min aerosols was shown to 
contain 8.8 X 10° mouse intraperitoneal LDs59 per ml. 
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Kleven of the twenty mice directly exposed to the 
yeroso] succumbed. Estimates of the live virus re- 
covered by the slit samplers and by the impingers are 
presented in table 2. 


DISCUSSION 


This limited study indicates that relatively stable 
viruses can be collected from the air with the use of 


TABLE 1 
Estimates of Venezuelan equine encephalomyelitis virus aerosol 
concentration 
Four-minute sampling times. Concentrated aerosol; liquid 
sprayed: 3.6 X 10’ mouse intraperitoneal LD5o per ml. 


all Assay Method Slit Sampler Presi 

| Mouse inoculation 2000* 5600* 

Plaque count 2007 1507 

6 Mouse inoculation 640 1400 

Plaque count Not done 240 

8 Mouse inoculation 980 1800 
Plaque count 230 Not done 

Pool Egg titration 280T 140f 


* Mouse intraperitoneal LD 50 per L of aerosol sampled. 
+ Tissue culture plaque-producing units per L of aerosol 
sampled. 


t Embryonated hen’s egg LD5>. per L of aerosol sampled. 


TABLE 2 
Estimates of Venezuelan equine encephalomyelitis virus aerosol 
concentration 
Three 15-min sampling times. Dilute aerosol; liquid sprayed: 
8.8 X 10° mouse intraperitoneal LD50 per ml. 


AGI-30 Sampler 
Slit 


Port Sampler, ee ; cand 
Distance 45-Min 15-Min sample "xposure, 

“ s 15-Min 

Sample Avg of 3 
First Second Third 

} 80* 26* oe” 4(\* 35* 6/107 

6 64 28 11 20 20 5/10 
Avg. 72 27 21 33 27 11/20 


* Mouse intraperitoneal LD 5» per L of aerosol sampled. 
+ Number of deaths/number exposed. 
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slit samplers to impinge infective particles upon a 
suitable solid medium. Estimates of the quantity of 
virus so recovered agree closely with estimates obtained 
by titration of liquid impinging media. The differences 
in values obtained in these experiments by any given 
method are within the limits of experimental error. 
The somewhat lower values obtained by embryonated 
egg titration and by tissue culture plaque counts are 
felt to reflect loss of virus in the samples during freez- 
ing, storage, and subsequent thawing prior to examina- 
tion by these techniques. 

Continuous operation of slit samplers for periods of 
45 min did not reduce the quantity of live virus re- 
covered. Virus in concentrations too low to be de- 
tected by animal exposure could theoretically be 
recovered and quantitated. 
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SUMMARY 


The slit sampler has been successfully employed for 
recovery of aerosolized Venezuelan equine encephalo- 
myelitis virus. The use of a gelatin-base solid medium 
has permitted liquefaction and dilution at temperatures 
tolerated by the virus, and examination by standard 
virological techniques. Estimates of virus concentration 
of the aerosol obtained are comparable to those ob- 
tained by use of liquid impingers. Long-term, large- 
volume air sampling with the slit sampler for the 
detection of air-borne viruses appears feasible and 
practical. 
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Many antibiotics have been screened for inhibition 
of sporeforming bacteria during the last 10 years in 
this laboratory. The effect. of some of these antibiotics 
on canned food spoilage bacteria has previously been 
described (Denny and Bohrer, 1959). Recently, two 
antibiotics which eventually may be of use in food 
processing have been through a preliminary screening 
in this laboratory. These antibiotics are nisin and 
tylosin. 

Nisin has been recommended for approval for use in 
certain foods in Great Britain (Her Majesty’s Sta- 
tionery Office, 1959). Our sample was obtained through 
the courtesy of Dr. H. B. Hawley of Alpin and Barrett, 
Ltd., Yoevil, Somerset, England. 

Tylosin toxicity 
tests in the manufacturer’s laboratory. These are 


is undergoing extensive animal 


nearly complete and appear promising with respect to 
its suitability for use in food. Dr. Bernard Malin of 
Eli Lilly and Company in 
graciously supplied the sample for our tests. 


Indianapolis, Indiana, 


MATERIALS AND METHODS 


The initial screening procedure used in this laboratory 
has made use of three stock solutions of the anti- 
biotics at concentrations of 1,000, 500, and 250 ppm 
based on dry weight (not units). Nisin was reported to 
contain about 1,000,000 units per g and tylosin about 
900,000 units per g. The stock solutions were diluted 
serially in media. For purposes of comparison in this 
procedure, approximately equal numbers of spores of 
ach of the test suspensions were inoculated into both 
the tylosin and nisin. The initial number of spores 
used was determined from dilutions of suspensions 
which had previously been heated at 212 F for 5 min. 

The spore-antibiotic broth tubes were steamed at 
212 F for 5 min, cooled, stratified with sterile Vaseline, 
and 
duction, turbidity, or change in indicator color was 


incubated at optimal temperatures. Gas pro- 


used to denote growth. 

To determine the adjunctive effect of heat and each 
of the antibiotics, only Bacillus stearothermophilus was 
used. Each sealed thermal death time tube contained 2 
ml of the inoculated medium or inoculated antibiotic- 
medium. The inoculum contained 920 spores per ml 
a boiled, 5-min count obtained on Dextrose 
18 hr. The 


based on 


Tryptone agar! incubated at 131 F for 


' Difeo Laboratories, Inc., Detroit, Michigan. 
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heating substrate was Tryptone-yeast extract broth 
The tubes were heated in an oil bath at 250 F. lubes 
5-min intervals (allowing for 
initial lag time), cooled, and incubated at 131 F. 

A mushroom experimental pack was made in 211 x 


were withdrawn at 


212 cans at a commercial cannery. Stems and _ pieces 


were used for reasons of economy. The product was 
commercially filled, a 40-grain salt 


and the antibiotic added so that each can contained 


tablet was added. 


either none, 1, or 2.5 ppm of tylosin. Boiling water 
then completed the fill and the cans were sealed on 
equipment. The 
conducted in the cannery by plant personnel. A stop- 


commercial heat processing was 
watch was used to time the heat process. The cans 
were cooled in the retort and incubation at 131 F was 
begun on the same day that the cans were packed. 


RESULTS AND DiIscUSSION 


The results obtained in the preliminary screening 
are shown in table 1. Concentrations below the ones 
indicated for growth were all positive. Note that most 
of these results showed much greater inhibitory potency 
for tylosin as compared to nisin. Results with a butyric 
and included, 
however, these tests were also conducted. Tylosin 


anaerobe Bacillus coagulans are not 
inhibited 20,000 spores per ml of a butyric anaerobe 
(suspension no. 59-165) in a concentration of 1 ppm, 
whereas nisin failed to inhibit at 100 ppm. In three 
tests with B. coagulans spores in tomato juice, both 
antibiotics show comparable inhibitory powers. Dilution 
of negative tubes into media allowed the spores to 
grow and demonstrated only inhibitory action following 
mild heat. 

The results of the test to determine the adjunctive 
effect of heat and each of the antibiotics are shown in 
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table 2. Nisin was effective at the moment the heating 
substrate reached 250 F. However, its effectiveness ail 
lost at 5 min at most concentrations which probably | 
its partial heat lability. The combined | 
and nisin is shown at all concentrations 
15 min at 250 F. This adjuvant. effect 
nisin has been shown previously with | 


demonstrates 
effect of heat 
after heating 
of heat and 
spores of other food spoilage organisms (Campbell, 
Sniff, and O’Brien, 1959). If tables 1 and 2 are com-} 
pared, it will be noted that 10 ppm nisin is effective 
with extreme heat but not with mild heat. 

The results in table 1 indicate that tylosin is much 
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TYLOSIN AND NISIN EFFECT ON 


TABLE 1 
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Inhibitory effect of tylosin and nisin on mildly heated spores of canned food spoilage bacteria 


Concentration 


Initial Incubation Incubation 
Microorganism Number of Medium Tempera- Tylosin Nisin Time 
Spores ture Limit 
Growth Inhibition Growth Inhibition 
per ml F ppm ppm ppm ppm days 
Clostridium botulinum no, 62-A 20,000 Tryptone beef 98 0.1 0.25 50.0 100.0 8 
extract 
( botulinum no. 213-B 20 ,000 Tryptone beef 9S 0.1 0.25 50.0 100.0 8 
extract 
Clostridium thermosaccharolyticum no. 3814 2,300 Liver broth 131 0 0.025 100.0 NT* 11 
Clostridium nigrificans no. 3750 1,000 Sulfite 131 1.0 3.5 NT NT 10 
Bacillus stearothermophilus no. 1518 4,200 Tryptone yeast 131 0.05 0.1 10.0 25.0 10 
extract 
Mesophilic anaerobe no. 52-324 51,000 Liver broth 98 0.1 0.25 0.1 0.25 11 


*NT means not tested. 


TABLE 2 
Combined effect of heat and antibiotics on spores of Bacillus 


stearothe rmophilus 


Origina! ppm in Medium 
nae at Nini 
0 1.0 25 5.0 10.0 

in 

0) ++ — _-— — a ge 
5 +4 +4 +— ++ -— 
10 si ii t+ = sods coals 
15 ++ os == a a 
20 5 ick — 7 ae a 
ay 
25 _-— = a. =—— == 

Tylosin 
0 1.0 2.5 5.0 10.0 
0 ot = a= == == 
5 ca - -- -~ 
10 5 oe — —— —-— _-— 
15 ++ — — — = SS 
20 Soe —— -— --— _-— 
25 _-— soon — —— = 
= Growth; — = no growth during incubation at 131 F for 
14 days. 


more active than nisin against B. stearothermophilus. 
Since the experiment shown did not involve attempts 
to make quantitative dilution recovery counts, the 
question of whether complete absence of growth in the 
presence of the antibiotics is due to acceleration of the 
rate of spore destruction or merely the inhibition of the 
spores cannot be answered at this time. However, 
spores recovered by dilution cultures following 5 min 
heating at 250 F in the presence of tylosin demon- 
strated that its inhibitory effect on B. stearothermophilus 
Wus retained. 

lo determine the effectiveness of tylosin against 


TABLE 3 
Thermophilic spoilage results on mushrooms with 


and without tylosin 


Per Cent Spoilage 
after 14 Days of 


Process Time 
at 250 F é Sikes 
Incubation at 131 F 


Number of Cans t 2 


Tylosin 


min ppm 
50 10 0 100 
50 10 1.0 0 
50 10 250 0 


natural spore contamination, a mushroom pack was 
prepared. Mushrooms generally contain many spores 
of harmless thermophilic bacteria. At the present time, 
excessive heat to eliminate 
spoilage. By decreasing the process for the smaller 


processes must be used 


cans to 10 min at 250 I, a better appearing product 
might be obtained than the product now generally 
processed 18 min at 250 T°. The results of an experi- 
mental mushroom pack are shown in table 3. It is 
evident that 1.0 ppm tylosin prevented the thermophilic 
spoilage in mushrooms which were so contaminated 
as to give 100 per cent spoilage with the reduced heat 
without the Hat sulfide 
spoilage, and thermophilic anaerobe spoilage were all 
demonstrated in the spoiled control cans. Also, spores 
of these organisms were demonstrated in cans sub- 
cultured after filling and before processing. The re- 
duced heat process used in this experiment was sufficient 
to destroy the spores of Clostridium botulinum, so no 
health hazard problem was involved. Storage assays 
for residual potency are under way. 

At the time of the writing of this paper, neither of 
the antibiotics has been approved by the Food and 
Drug Administration for use in canned foods. 


process antibiotic. sour, 


SUMMARY 


The antibiotics nisin and tylosin were screened for 
inhibitory powers against several types of food spoilage 
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bacterial spores. The results indicate that tylosin is 


strongly inhibitory. Additional confirm the 
adjuvant effect of nisin and heat on spores of Bacillus 


stearothermophilus. These tests also show that tylosin 


tests 


has marked stability to heat as compared to the lesser 
heat stability of nisin. 

The ability of tylosin to prevent the outgrowth of 
naturally occurring thermophilic spores in a commercial 
product following a reduced heat process was demon- 
strated. 


Growth of Aspergillus oryzae in Irradiated Sucrose-Nitrate Medium’ 


M. L. 


FreLps, G. 


Department of Horticulture, 


Received for publication May 31, 1960 


In determining the death of fungi by radiation, the 
growth medium used to determine survivors is an 
important factor to be considered. Beraha et al. (1959) 
used sucrose-nitrate medium to suspend mold spores 
during radiation. When the spores were suspended in 
this medium, the lethal dose was lower than when the 
spores were suspended in Tochinai’s medium. They 
also found that when Penicillium italicum and Pent- 
cillium digitatum were grown on sucrose-nitrate medium 
prior to radiation the dosage needed to kill the fungi 
was less than when these organisms were grown on 
Tochinai’s medium. 

The purpose of this study was to determine the 
effect of irradiated media on growth and spore germina- 
tion of Aspergillus oryzae. 


MATERIALS AND Mertruops 


Radiation facility. The sucrose-nitrate medium was 
radiated in a glass chamber with aluminum windows 
1 mil in thickness. The cell was 2 em thick and 3.8 
em in diameter. The irradiation chamber was held in a 
fixed position 6 in. from the end of the accelerator by 
a clamp device which was bolted to the end of the 
accelerator. The linear electron accelerator, which was 
built to operate between 2.0 and 6.0 Mev, was con- 
trolled at 5.6 Mev. Ten per cent of the electrons in the 
unscanned cathode beam were lower in energy than 
5.6 Mev (MacKay, 1953). Dosimetry was performed 
using the ceric sulfate method (Weiss, 1952). 

‘Journal paper no. 1585. Indiana Agricultural Experiment 
Station, Lafayette, Indiana. 

2 Present address: Horticulture Department, University of 
Missouri, Columbia, Missouri. 

3 Present address: Libby, MeNeill and Libby, Blue Island, 
Illinois. 
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Effect of ant: bioties 


ganisms. 


requirements of canned foods. 


4164. 


Indiana 


medium 
(Czapek-Dox, Difeo'), was radiated in liquid and dry 
form. A Seitz-filtered sucrose-nitrate broth (35 g per L 


Preparation of media.  Sucrose-nitrate 


was prepared on the day of radiation, placed in ; 
sterile flask, and refrigerated until the time of radia- 
tion. The medium in the form of a dry powder was 
radiated, rehydrated (35 g per L), and sterilized by 
filtering through a Seitz filter. Both media were dis- 
pensed aseptically into. sterile 250-ml 
flasks. 

Preparation of spore suspension. A. oryzae (Ahl|burg 
Cohn ATCC 11601 was obtained from the| 
American Type Culture Collection, Washington, D. C) 
This organism was grown in Roux flasks at  roon| 
temperature and the spores were harvested in about | 


Krlenmeye 





strain 


week after spore production was observed. The spores 
were removed from the surface of the agar by moving 
a sterile glass rod over the surface of the agar whichi 
had been flooded with sterile, distilled water. A glas: 
column, which was filled with glass wool and attached 
to a suction flask, was used to filter the spore sus 
pension gently. After filtration, the spore suspensio! 
was transferred to a sterile Erlenmeyer flask containing 
glass beads, and the suspension was shaken thoroughly 
to break up spore clumps. 

Growth Flasks containing sucrose: 
nitrate medium were inoculated with 1 ml of the spor: 


determinations. 


suspension within 2 hr after radiation and were in-7 


cubated at 30 + 1 C for 1 week. At the end of thi 
incubation period, the mycelial mat was separated fron 
the broth by filtering through previously weighed’ 
Whatman no. 2 (9 em) filter paper. The filter pape! 
and mycelial mat were placed in one half of a Petr 


‘ Difeo Laboratories, Ine., Detroit, Michigan. 
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plate and dried for 15 to 17 hr at 70 C. Weights of the 
dried mycelial mats were recorded in milligrams. A 
statistical analysis of the data was made. 

Measuring spore germination. One-half milliliter of a 
spore suspension was pipetted into 3 ml of the sucrose- 
nitrate broth which had been radiated at 3.92 *& 10° 
rads and into 3 ml of nonirradiated broth which served 
as 2 control. The contents of each tube were mixed 
thoroughly and spore germination tests were per- 
formed (Lilly and Barnett, 1951). The spore germina- 
tion tests were replicated five times. 


RESULTS AND DISCUSSION 


Since the data which are shown in table 1 represent 
two separate experiments in which two different spore 


TABLE 1 
Growth of Aspergillus oryzae in irradiated sucrose-nitrate media 
Growth as Per 


Cent of 
Control; 


Growth as Per 


Ce 1 si ‘ 
enue Yield in Dry 


posse BSS analein gow |p in 

(25 ¢ Rehydrated 

- to (35 g/L) 

rads KX 1 mg mg 

Control 150 100 i 100 
0.087 163 108 40) 9] 
0.436 115 77 34 77 
0.872 104 69 44 100 
1.300 115 77 44 100 
2.180 105 70 39 89 
3.050 9S 65 50 | 114 
3.920 33 30 60 136 

Caleulated F = 27.4} Caleulated F = 3.488 


* Based on two replications. 
+ Based on three replications. Different spore suspensions 
used as inocula in each experiment. 

t Significant at 1 per cent level. 

§ Significant at 5 per cent level. 
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suspensions were used as inocula, the data are also 
presented after computing the growth as a per cent 
of the control growth for direct comparisons. Compari- 
son of all treatment means are given in tables 2 and 3. 
which the 
medium was radiated in the liquid form, the growth of 
A. oryzae on the broth which received a dose of 0.436 
X 10° rads was significantly lower than the growth on 


In the experiment in sucrose-nitrate 


the nonirradiated control. There was no significant 
difference in the growth of A. oryzae on media radiated 
at doses of 0.486 & 10° to 3.05 X 10° rads when com- 
pared with each other. There was a marked decline in 
growth of A. oryzae when grown on the medium which 
was radiated at 3.92 X 10° rads. The growth of the 
fungus at 3.92 X 10° rads was significantly lower than 
the growth at 3.050 X 10° rads. 

The growth on the nonirradiated control was not 
significantly different from growth at doses of 0.087 X 
10° to 3.05 X 10° rads when the sucrose-nitrate medium 
was radiated in the dry powder. Although the same 
per cent of growth of the control was found when 
grown on radiated sucrose-nitrate medium at 0.436 & 106 
rads in both experiments, the growth was not signifi- 
cantly lower in the dry form when compared with the 
control because of greater variation in that experiment. 
At a dose of 3.92 X 10° rads, however, the growth was 
significantly higher than growth on the control media. 

The results of the spore germination tests indicated 
that there was no significant difference between the 
germination of the spores of A. oryzae in the non- 
irradiated control medium and the broth which was 
radiated at a dose of 3.92 X 10° rads. 

In terms of dosages of radiation which have been 
applied to foods, all doses in this study were in the 
ranges needed to preserve foods. In evaluating fungal 
growth on foods or other substrates which might be 


TABLE 2 


Yield of mycelia of Aspergillus oryzae on sucrose-nitrate medium radiated in liquid form 


To determine the significance of various treatments take the weight below minus weight at right. 


| Dosage in Rads X 106 Mean Mycelial Weight in Milligrams 


Yield of 


Dosage Mycelium 3.92 3.05 0.872 
33 98 104 
x i6® rads mg 
0.087 163 130* 65* 59* 
Control 150 Ley* 52* 4(5* 
0.436 115 §2* 17 11 
1.30 115 82* 17 11 
2.18 105 ta” 7 l 
0.872 104 F # i 6 
3.05 98 65* 
3.92 33 


* Significant at 1 per cent level by the Dunean (1955) test. 





2.18 1.30 0.436 Control 0.087 
105 115 115 150 163 

58* 18* 48* 13 

45* oo” 30" 

10 

10 
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R. AMMERMAN, AND N. W. DESROSEIR lon. 9 


Yield of mycelia of Aspergillus oryzae on sucrose-nitrate medium radiated in dry form 


To determine the significance of various treatments take the weight below minus weight at right. 


Dosage in Rads X 10° and Mean Mycelial Weight in Milligrams 


34 39 410 
X 10 rads me 
3.92 60 2* zi" 20* 
3.05 50 16* 11 10 
0.872 14 10 5 | 
1.30 14 10 5 } 
Control 44 10 5 | 
0.087 40 6 l 
2.18 39 5 
0.436 34 


* Significant at 5 per cent level by the Duncan (1955) test. 


treated with radiation to prevent microbial growth, 
one must consider the induced effect of radiation upon 
the food or substrate and the direct effect of ionizing 
radiations upon the fungus. The results of this study 
emphasize the importance of changes in the medium 
which were reflected in the growth variations of the 
test fungus. At 3.92 X 
oryzae Was inhibited when the medium was radiated 


10° rads, the growth of A. 


as a broth; however, when the medium was radiated in 
a dry powder, stimulation occurred. Although no 
stimulation of growth was indicated at lower doses, 
other studies have indicated that low doses are stimu- 
latory to fungal growth (Iields, 1959). Further experi- 
mental work is needed to explain the exact mechanisms 
of stimulation and inhibition of growth of A. oryzae. 


They cannot be explained at the present time. 
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Control 1.30 0.872 3.05 
44 44 14 50 
16* 16* 1G* 10 
6 6 


SUMMARY 


This study showed that radiation 


changed — the 
medium in such a manner as to stimulate (at 3.92 
xX 10° rads in dry form) or retard (at 3.92 & 10° in 
broth) the growth of Aspergillus oryzae. Growth was 
also retarded when A. 


oryzae Was grown in SUCTOsSe- 

nitrate broth previously irradiated at doses of 0.436 X 

10° rads to 3.05 & 106 rads. 
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This re 


aspect of 


The spol 
knowleds 
importal 
an integ! 
of contac 
food, ant 
the spor 
if better 
The o 
niger Sil 
much is 
microcle 
of the s) 
studies « 
Barry a 
tion to 
Dougla 


A det 
study 1s 
report. | 
cerning 
for the | 

The e 
commer 
It was ] 
which + 
whole e 
electroc 
taper | 
corresp 
the sil 
KCl so 
contain 
the spo 

In 
mobilit 
and th 
to 3.0 
mediur 
0.20 to 
made 


each re 


(rt! 





cd the 
it 3:2 
10° in 
th was 
ACTOSe- 


136 X 


V RIGHT, 
va radi 
Phyto 


F tests 


d spoil- 
fayette, 


f fungi, 
k, New 


Ph.D 


id ceric 





—_— 





Electrophoretic Properties of Spores of Aspergillus niger 


P. J. HANNAN 


U.S. Naval Research Laboratory, Washington, D. C. 


Received for publication May 31, 1960 


This report concerns an investigation of an important 
aspect of fungal growth, the nature of the spore surface. 
The spore is the propagative body of the fungus so a 
knowledge of its germination process is of primary 
importance. The surface of the spore necessarily plays 
an integral part in this process since it is the first point 
of contact between the spore and such factors as water, 
food, and poison. It is obvious then that the nature of 
the spore surface should be a subject of intense study 
if better control measures are to be realized. 

The organism chosen for this study was Aspergillus 
niger since it grows on a variety of substrates and 
much is known of its physiology. The technique of 
microelectrophoresis was used to determine the nature 
of the spore surface. Electrophoresis has been used in 
studies of bacterial spores (Moyer, 1936; Dyar, 1948; 
Barry and James, 1952; to name a few), but its applica- 
tion to the study of fungus spores has been limited 
(Douglas, Collins, and Parkinson, 1959). 


MATERIALS AND MertTHODS 


A detailed description of the apparatus used in this 
study is contained in a Naval Research Laboratory 


report (Hannan, 1959). However, a few words con- 
cerning the apparatus and method are in order here 
for the benefit of the reader. 

The electrophoresis cell used in this study is available 
commercially from the Arthur H. Thomas Company.! 
It was positioned laterally on the stage of a microscope 
which was maintained in the vertical position. The 
whole electrophoresis assembly was made of glass, the 
electrodes being formed in the throat of standard 
taper 10/24 joints which were fit snugly into the 
corresponding female joints. The electrodes were of 
the silver-silver chloride type immersed in saturated 
KCI solution. Plugs of plaster and agar were used to 
contain the electrode liquid and prevent diffusion into 
the spore suspensions. 

In the determination of the effect of pH on the 
mobility, the ionic strength of the suspension was 0.1 
and the current passed through the suspension was 2.5 
to 3.0 ma. In all other experiments the suspending 
medium was 0.01 m NaCl and the current used was 
0.20 to 0.30 ma. In each experiment observations were 
made on 20 spores, the current being reversed after 
each reading. 


Philadelphia, Pennsylvania. 


\rthur H. Thomas Company, 


were collected from 
niger van Tiegh strain ATCC 6275 
grown on a liquid medium in 2-L Fernbach flasks. The 
composition of the medium was the following: NH,NOs, 
3.0 g; MgSO,-7H.0, 0.5 g; KCI, 0.5 g; KH.PO,, 2.0 g; 
leSO,-7H.O, 0.01 g; glucose, 200 g; and distilled water 
to make | L. 

After 2 weeks of incubation, the liquid medium was 
decanted and the mat of mycelium was dried by 
gentle heat and reduced pressure. The spores were 
dislodged by raking a wire across the surface and then 
collected on a Seitz filter by suction. 


The spores used in this study 
cultures of A. 


RESULTS 

The experiments described in this report concern 
only two objectives: (a) the determination of the 
nature of the surface coating of the spores and, (b) the 
effects of some chemical treatments on the mobility 
of the spores. 

Since the time between the first and last experiments 
was about 4 months, the spores used were not all of 
the same age. However, they were collected from one 
culture. The order in which the experiments were 
performed does not coincide with that given here. 


Determination of the Nature of Surface Coating 


Effect of pH on mobility. A plot of mobility vs. pH, 
at constant ionic strength, is useful in determining 
the character of the surface. In this experiment a 
series of Veronal buffers was used as suspending media 
for the spores. The ionic strength was maintained at 
0.1 by the addition of NaCl. Figure 1 is a plot of the 
results. 

It can be seen that spores of A. niger do not have an 
isoelectric point in the range between pH 2.3 and 7.8. 
Therefore it is unlikely that the surface is essentially 
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Figure 1. Mobility (microns/sec) of spores of 
niger in 0.1 N NaCl, vs. pH. 


Aspergillus 
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protein. However, since the mobility reflects the charge 
density of perhaps many surface components it is 
possible that protein or other charged groupings could 
be present and still be undetected by this method. 

Effect of anionic detergent on mobility. This experiment 
may be considered a test for a hydrocarbon surface. 
Dyar (1948) has shown that hydrocarbon surfaces 
show an increase in negative mobility when treated 
with anionic detergents because the carbon chain of 
the detergent dissolves in the hydrocarbon surface, 
leaving the anionic portion of the detergent oriented 
toward the water phase. This gives the test particle 
an increased negativity and thus an increased negative 
mobility. 

Spores of A. niger were suspended for 15 min in a 
0.01 m solution of sodium lauryl sulfate, washed twice, 
and then suspended in 0.01 mM sodium chloride, pH 4.0. 
The mobilities of these treated spores and the cor- 
responding controls are given in table 1. The detergent- 
treated spores had a significantly lower mobility than 
the controls. Therefore, the spore surface was not a fatty 
material, otherwise the negative mobility would have 
increased. It was learned later that the decrease in the 
mobility was caused by the pH of the detergent solution 
(7.4). 

Effect of sucrose on mobility. Douglas (1950) has 
shown that sucrose is adsorbed on fatty surfaces and 
reduces their negativity. Also he has shown that the 
addition of sucrose to the suspension medium has 


TABLE 1 
Effect of treatment on mobility, pH = 4.0 


Treatment Mobility 
Mo, Sec 
Control —3.6 
Detergent treated —2.9 
Control —3.6 
Sucrose treated —3.4 
Control (water) 
Incubated 24 hr —3.1 
Taka-Diastase 
Inecubated 24 hr —2.9 
Incubated 4 hr —2.9 
Heat inactivated, incubated 24 hr —2.0 
Control : : —3.2 
Hg(Ac)> . —4.0 
Pyridyl HgAc —3.0 
Phenyl HgAc Beton soot —3.4 
Control —3.2 
0.01 M NaOH pH = 12 —2.3 
Control i —3.2 
pH adjusted to 7.4 —3.0 
pH adjusted to 12.0 —2.3 
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little or no effect on the mobility of particles whos 
surfaces are essentially polysaccharide. This is ‘easop. 
able since an adsorbed film of sucrose on the sur ‘ace oj 
a particle should have the same electrophoretic charge. 
teristics, roughly, as any neutral polysaccharid 
coating. The purpose of this experiment, therefore, yas 
to determine whether or not the spores had «poly. 
saccharide coating. 

The spores were suspended in a 0.01 M solution oj 
sodium chloride, pH 4.0, containing 1 per cent sucrose 
This amount of sucrose had a negligible effect on the 
viscosity of the solution, hence the mobilities in sodiun 
chloride solutions, with and without the sucrose, wer 
directly comparable. The results of the experiment an 
shown in table 1. Although there was a difference ji 
the mobilities of the two sets of spores, it was. noi 
considered significant, indicating that the spore surfaw 
was probably a polysaccharide. Since washing. th 
spores did not affect their mobility, it was postulated 
that the surface polysaccharide was a 
most 


starch sing 
have a lower solubility than othe 
carbonhydrates. The next experiment was designed ti 
test this hypothesis. 


starches 


Effect of Taka-Diastase on mobility. If the coating o! 
A. niger spores is a starch, then the mobility of th 
spores should change after treatment with a starch- 
hydrolyzing enzyme. Taka-Diastase 
promote this hydrolysis. 

One gram of Taka-Diastase powder (Parke Davis 
was dissolved in 200 ml water. This solution was used 


was used t 


to make suspensions of spores, roughly ' ml of spores 
per 10 ml enzyme solution. These suspensions wet 
incubated for 4- and 24-hr periods after which th 
spores were washed several times with water and their 
mobilities determined under the standard conditions 

Since the Taka-Diastase may have been adsorbed 
by the spores, consequently changing their mobility 
by a physical rather than an enzymatic process, on 
suspension was made up in which the enzyme hai 
previously been boiled. It reasoned that this 
suspension might show an adsorptive effect, but no! 
an enzymatic one. The results of these experiments} 
shown in table 1, suggest that (a) Taka-Diastas| 
lowers the mobility of spores of A. niger, (b) this effec 
is completed in 4 hr or less, and (c) the effect of Taka- 
Diastase is probably an enzymatic one since the heat-) 
inactivated enzyme gave an entirely different mobility 

This experiment was repeated and the same result: 
were obtained, thus erasing the doubt of the signif 
cance attached to the slight lowering of the mobilits 





Was 


by the Taka-Diastase treatment (see ensuing Dis! 
cussion). Therefore, the surface of the spores of 4} 
niger probably contains a starch which is removabl 
by the Taka-Diastase treatment. 


? Parke, Davis and Company, Detroit, Michigan. 
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Effect of Chemical Treatments on Mobility of 
Spores of A. niger 


Ejiect of mercurials. The uptake of mercury by A. 
niger has been shown to be a rapid process. Leonard 
and Klemme (1958), using He? as a tracer, have 
determined the amount of organic mercury sorbed by 
these spores. The uptake is so great that it cannot be 
explained on the basis of a surface reaction. The area 
of the sorbed mercury atoms alone is greater than the 
calculated surface area of the spores. One naturally 
wonders whether the mercury affects the surface at 
all or whether it is an internal toxicant. Therefore, the 
action of three mercurials on spores of A. niger was 
determined. 

Spore suspensions were made with 0.01 M solutions of 
mercuric acetate, phenylmercuric acetate, and pyridyl- 
mercuric acetate and allowed to stand for 15 min. 
(Other experiments of Klemme had 
shown that less than | min was needed to provide 


Leonard and 
most. of the uptake for the spores.) The spores were 
then washed with water and their mobilities determined 
in 0.01 Mm NaCl adjusted to pH 4.0. The results are 
shown in table 1. The mercuric acetate and the phenyl- 
mercuric acetate increased the negativity of the spores 
over the controls when the mobility was measured at 
pH 4.0, but the pyridylmercuric acetate seemed to 
have the opposite effect. It was felt that the lower 
mobility of the “pyridyl-” spores might be caused by 
the acid medium in which the mobility was determined. 
Presuming that the mercurial is attached to the surface 
of the spore, the pyridine moiety could pick up a proton 
at pH 4.0, thus increasing the positive character of 
the ion cloud around the spore and consequently 
decreasing its negative mobility. 

To test this hypothesis, the experiment was repeated 
except that the mobility was determined at pH 7.0 in 
0.01 m NaCl. In this neutral medium there should be 
no attraction of protons to the pyridine segment, and 
this mercurial should have roughly the same effect. on 
the mobility of the spores as the other mercurials. 
Table 2 shows the results of this experiment. At this 
higher pH, the spores treated with pyridylmercuric 
acetate have the same mobility, roughly, as those 
treated with phenylmercuric acetate, sustaining the 


TABLE 2 


Effect of mercury compounds on mobility at pH 4.0 and 7.0 


Mobilities 
Treatment 
pH = 4.0 | pH = 7.0 | Difference 
BM, Sec M/ SeC M/ Sec 
Control B 3 —3.2 —3.9 0.7 
Hg(Ae)s... —4.0 —4.7 0.7 
Pyridyl HgAe ~$.9 Ah, 1.3 
Phenyl HgAc. . —3.4 —4.2 0.8 
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hypothesis stated above. The increase in negativity of 
the spores treated with Hg (Ac)», at both pH values, 
is simply an indication that the acetate radical is a 
more negative group than either the phenyl or pyridyl 
groups. It should be pointed out that mercuric acetate 
in solution is still largely undissociated. 

Another observation to be made is the rather constant 
difference between the mobilities at pH 4.0 and pH 
7.0 for all spores except the “‘pyridyl-treated.”’ This 
might be due to a change in the ionic species or to a 
change of the surface common to all three sets of spores. 
In a previous experiment, with sodium lauryl] sulfate, 
it was shown that a pH of 7.4 actually made a change 
in the surface of the spores. Whether the spores were 
materially affected in this experiment at pH 7.0 is a 
matter of speculation at this point. 

Effect of alkali. Water suspensions of spores of A. 
niger usually have a brown color. If the suspension is 
made alkaline, a very dark pigment is released and the 
suspension becomes black. It was decided to determine 
whether the treatment with alkali affected the surface; 
if so, this change should be reflected in the mobility. 

Spores were soaked in 0.01 m NaOH (pH about 
12.0) for 15 min, washed twice, then suspended in 
0.01 M NaCl, pH 4.0. Table 1 shows the results of this 
experiment. It is obvious from the results that the 
treatment with alkali materially changed the spore 
surface. Whether the black pigment. is located on the 
surface or in the interior of the spore is undetermined, 
however. 

Effect of acid. Spores of A. niger were suspended in 
0.01 m HCI for 2 days, then washed, and their mobilities 
were determined in the standard manner. No change 
had taken place in their surfaces since they had the 
same mobility as the controls. Also, the controls which 
were soaked in water for this period were unchanged 
from their normal value. 

Effect of freezing. Spores which had been washed 
twice were centrifuged, the supernatant liquid was 
drawn off, and the tube was placed in the freezing 
compartment of the refrigerator for several days. Their 
mobility was determined in the usual manner and 
found to be unchanged. 


DIscUSSION 


The mobilities are less reproducible than one would 
expect of an analytical method. The chief source of 
error lay in the performance of the silver-silver chloride 
electrodes of the apparatus and the results of any 
single experiment had to be subjectively analyzed by 
the operator in the light of his experience with the 
apparatus. Experiments in which significant differences 
were not apparent were repeated in order that the 
results might be judged better. In each experiment a 
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set of controls was contrasted with a set of treated 
spores. 

Toward the end of the investigation reported here a 
set of palladium electrodes was used with startlingly 
satisfactory results. This development. is described in 
a paper by Neihof and Schuldiner (1960). 

The interpretation of electrophoretic data pertaining 
to fungus spores is complicated somewhat by the 
mechanism which transport of material 
back and forth through the spore wall. An interior 
component of the 


allows the 


released and then 
adsorbed on the surface, resulting in an effective change 


spore can be 
of the surface which was not caused by the treatment 
being studied. 

The data reported in this study lead to several 
conclusions: 

1. The surface of A. 
no protein. 

2. The surface can bind metal ions. 

3. Starch appears to be one of several components 
of the surface. 

Starch. The literature contains little information on 
the surface composition of spores but perhaps some 


niger spores contains little or 


valid inferences can be made from the data which are 
available. Castle (1945) makes a strong case for his 
belief that chitin is the chief structural component. of 
the conidiophores of A. niger, but this does not mean 
that chitin is on the surface. Castle made no attempt 
to determine the composition of the surface but he 
writes of the granular appearance of the cytoplasm, 
also stating that granules are particularly prominent 
toward the apical end of the conidiophore prior to 
spore formation. He postulates that these granules may 
become a part of the spore wall. Castle’s use of the 
suggests the possibility that these 
particles may be starch. The results of the staining 


term ‘‘granules”’ 


procedures described by Castle could be explained by 
the presence of a particular form of starch, amylopectin, 
in the cytoplasmic granules. It must be mentioned, 
however, that Castle does not suggest the possibility 
that 
mention 


these granules are amylopectin, nor does he 
the word He concerned with 
proving beyond doubt that the skeletal structure was 
not cellulose, as had been alleged by Farr (1944). 
Other components. There is reason to believe that the 


starch. was 


spore surface contains an acidic group and a hydrolyz- 
able group. These are inferences from the mobility 
changes caused by treating the spores with solutions of 
pH 7.4 and 12.0. The mobilities after these treatments 
were both significantly lower than the usual control 
value. 

The slightly alkaline treatment (pH 7.4 for 15 min) 
would neutralize a carboxyl group and undoubtedly 
hydrolyze certain esters. The treatment with 0.01 m 
NaOH, approximately pH 12.0, would effect 
same results and also hydrolyze a greater number of 


these 


P. J. HANNAN | 
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the same ester groups, or those more difficult to } ydro. 
lyze. 

The change of the mobility of spores of A. 
after treatment with alkali indicates a modification of 
their surface. That this change is toward a decreased 
mobility is further support for the belief that s: arch 
is a2 component of the surface—this follows froii the 
results of two unrelated investigations: (a) [ajaj, 
Damle, and Krishnan (1954) showed that spores of 
A. niger accumulate phosphorus; furthermore, that 
the phosphorus is in an easily extractable form, and 
(b) Gortner and Gortner (1949), in describing the 
work of Taylor, Samec, and others, says that starches 
contain traces of phosphoric acid (‘“‘more and more the 
theorem is being accepted that amylopectin represents 
a phosphoric acid ester of the starch molecule’). 

If these concepts are related and the starch is bound 
as a phosphate ester, then the removal of the phosphate 
group would result in a decreased mobility. Admittedly 
these bits of 


nauger 


unrelated evidence cannot be used as 
additional proof of the existence of a starch on the 
spore surface, but they can form the basis of tentative 
judgments to serve as stepping stones for future re- 
search. 
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SUMMARY 


The surface of spores of Aspergillus niger was studied 
by the microelectrophoresis technique. The predomi- 
nant characteristic of the surface is that of a poly- 
saccharide, probably a starch since the mobility of the 
spores changes after treatment with Taka-Diastase, 
a starch-hydrolyzing enzyme. Also, the surface appears 
to contain an acid group which is readily neutralized, 
and a group which is easily hydrolyzed by dilute 
alkali. 
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Slow acid production by lactic starter cultures during 
the manufacture of cheese and cultured dairy products 
is a major problem in the dairy industry. Interest has 
grown in factors that stimulate lactic culture activity. 
It is well recognized that certain protein fractions in 
milk contribute to increased acid production and that 
heat treatments of milk are also involved. Speck and 
Ledford (1959) found pancreas extract to be stimula- 
tory and utilized it in cottage cheese manufacture. 
Associative growth with Bacillus subtilis was reported 
by Rice (1949) to stimulate acid production by lactic 
starters, presumably as a result of protein breakdown 
by the sporeformer. Hall (1956) found that Bactertwm 
coli (Escherichia coli) stimulated acid production of 
lactic cultures and believed enzyme action to be in- 
volved. 

At the Kansas Station an unusual case of rapid coag- 
ulation and acid production in milk was found to be due 
to associative growth of a streptococcus and a proteo- 
lytie organism (subsequently identified as a strain of 
Pseudomonas fluorescens). Preliminary tests showed 
that cell-free filtrates from milk cultures of the proteo- 
lytic organism stimulated acid production by lactic 
starter cultures. Because of the possible practical use of 
extracts or enzymes from bacterial sources to increase 
lactie culture activity, further studies were made of 
some of the conditions governing the observed stimula- 
tion. 

Contribution no. 288, Department of Dairy Husbandry, 


Kansas State Agricultural Experiment Station, Manhattan, 
K nsas. 


MATERIALS AND METHODS 

The procedure used was to measure the titratable 
acidity produced by lactic starter cultures when filtrates 
from milk cultures of the strain of P. fluorescens were 
added under varying conditions. 

Propagation of stock culture of P. fluorescens. The cul- 
ture was carried in litmus milk at 21 C with transfers 
made at weekly intervals. Reserve cultures were carried 
on Tryptone glucose yeast agar® slants held under re- 
frigeration with transfers made at intervals of 2 to 3 
months. 

Filtrate preparation. The substrate consisted of nonfat 
milk solids (tested to insure absence of inhibitory sub- 
stances) reconstituted in distilled water to 9.0 per cent 
solids. It was dispensed in 50-ml quantities into 250-ml 
Erlenmeyer flasks and autoclaved for 20 min at 15 Ib 
pressure. The substrate was inoculated from the 21 C 
milk stock culture of P. fluorescens and incubated at 
30 C. Obvious proteolysis occurred in 1 day and pro- 
gressed with holding. Following preliminary tests on 
filtrates of cultures incubated 2 days and specific tests 
on filtrates from cultures incubated 4, 10, or 18 days, 
all subsequent work was done with filtrates from 10-day 
cultures. The proteolyzed cultures were Seitz-filtered 
and filtrates were used within 2 hr of preparation. Peri- 
odically, filtrates were streaked on Tryptone glucose 
yeast agar plates to test for sterility. 

Lactic starter cultures. These were regular multiple- 
strain, mixed type, commerciai cultures obtained from 


2 Difeo Laboratories, Inc., Detroit, Michigan. 
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supply laboratories. They were propagated in reconsti- 
tuted nonfat milk solids made to 9.0 per cent solids, 
transferred weekly, incubated at 21 C, and held re- 
frigerated after coagulation. Fresh cultures in the early 
stages of coagulation were used as inoculum in testing 
the effect of the P. fluorescens filtrates on acid develop- 
ment. 

Testing acid production. Reconstituted milk (9.0 per 
cent solids) was dispensed in 100-ml quantities in screw- 
cap dilution bottles and autoclaved for 20 min at 15 lb 
pressure. After cooling, each 100-ml lot was inoculated 
with 1 per cent of lactic culture and, except for controls, 
with the filtrate being tested. Unless otherwise indi- 
cated, 1 per cent filtrate was used. After thorough mix- 
ing of the prepared milk, 9-ml quantities from each 100- 
ml lot were dispensed into 6 sterile screw-cap tubes. 
This provided duplicate tubes of the same sample for 
testing at three different incubation periods. The tubes 
were incubated at 21 C and titratable acidities deter- 
mined at 10, 12, and 14 hr incubation by titrating with 
0.1 N NaOH directly into the 9 ml of milk in the tubes. 


RESULTS 

Stimulatory effect of filtrate. The effect of filtrates from 
10-day cultures of P. fluorescens on acid production by 
six lactic starter cultures is shown in table 1. Results 
include three trials with each culture. An increase in 
acid production over the controls (no added filtrate) 
was obtained in all trials with all lactic cultures. Stim- 
ulation was evident at 10 hr incubation with an average 
increase in titratable acidity of 0.05 percentage point or 
16 per cent more than the controls for the six cultures. 
The increase in titratable acidity was usually greatest 


TABLE 1 
Effect of filtrates of a culture of Pseudomonas fluorescens 
on acid production of lactic starter cultures* 


Per Cent Titratable Acidityt with Incubation of Lactic 
Cultures at 21 C at Hr: 


Lactic 
Starter 10 12 14 
Culture 
No Addedt No Added No Added 
filtrate filtrate filtrate filtrate filtrate filtrate 
A 0.34 0.38 0.45 0.56 0.56 0.69 
B 0.29 0.34 0.37 0.5] 0.47 0.66 
C 3.26 0.31 0.37 0.45 0.51 0.63 
D 0.33 0.38 0.48 0.56 0.65 0.71 
E 0.31 0.35 0.40 0.52 0.53 0.67 
F 0.34 0.40 0.42 0.56 0.55 0.74 
Avg...| 90.31 0.36 0.42 0.53 0.55 0.68 


* Filtrates were from 10-day-old milk cultures of P. flu- 
orescens. 

+ Each value is the mean of three trials in duplicate. LSDo.05 
for individual cultures = 0.100. LSDo.o; for average = 0.041. 

t One per cent filtrate added to milk at time of inoculation 
with lactic cultures. 
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at the 14-hr incubation period with an average in: rease 
for the six cultures of 0.13 percentage point or = per 
cent. The average increase in titratable acidity cue to 
added filtrate was statistically significant (0.05 ‘evel) 
at all three incubation periods. Also with each individ. 
ual culture the increase in acidity was statistical], sig. 
nificant (0.05 level) at the 12- and 14-hr incubation 
periods. There were variations in the degree of stiiaula- 
tion obtained with different lactic cultures with « ten- 
dency for increases in acidities to be greatest with the 
slower cultures. 

Although data on coagulation are not shown, cultures 
with filtrates coagulated earlier and at lower acicities 
than controls. Whereas coagulation in the controls gen- 
erally occurred in the range of 0.6 to 0.7 per cent titrata- 
ble acidity, the corresponding values for samples with 
filtrates ranged from 0.4 to 0.5 per cent acid. 

Effect of age of the culture of P. fluorescens on activity 
of filtrate. Viltrates from 4-day cultures of P. fluorescens 
generally had little effect on acid production by the two 
lactic cultures tested (table 2). However, with lactic 
culture B some stimulation was evident at 14 hr incuba- 
tion. Filtrates from 18-day cultures of P. fluorescens 
were no more stimulatory than were filtrates from 10- 
day cultures. 

Effect of amount of added filtrate. With two of the four 
lactic cultures tested, varying the amounts of filtrate 
added (1, 2, and 3 per cent) did not change the amount 
of stimulation in acid production (table 3). With the 
two other cultures higher titratable acidities were 
obtained with 2 and 3 per cent added filtrate than with 
1 per cent. 

Effect of heating filtrates. As a means of determining if 
the stimulatory effect of the filtrate resulted from en- 
zyme activity, filtrates were heated before use. When 
filtrates of 10-day-old cultures of P. fluorescens were 
boiled for 5 min before being added to milk, the amount 
of stimulation was only slightly less than was obtained 
with unheated filtrate (table 4). When filtrates were 


TABLE 2 
Effect of filtrates from cultures of Pseudomonas fluorescens 
of different ages on acid production of lactic starter 
cultures 
Per Cent Titratable Acidity* 


Time of 

Incuba. Lactic culture B 

tion of 

Lactic 

Culture 

at 21C No 
filtrate 


Lactic culture D 
Age of added filtratet Age of added filtrate 

. filtrate 

4 day | 10 day | 18 day 4 day | 10 day | 18 day 
hr 

10 0.31 | 0.31 | 0.30 | 0.35 | 0.33 | 0.33 | 0.38 | 0.38 
12 0.40 | 0.42 | 0.52 | 0.50 | 0.47 | 0.48 | 0.56 | 0.54 
14 0.53 | 0.58 | 0.67 | 0.65 | 0.65 | 0.65 | 0.71 | 0.69 
* Each value is the mean of three trials in duplicate. 

+ Age of P. fluorescens culture at time of filtration. 
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STIMULATION OF LACTIC STARTER CULTURES 


TABLE 3 


i ffect of amount of added filtrate on acid production 


by lactic starter cultures 


Filtrate Added:* 


ine of In Per Cent Titratable Acidity with Amount of 
Lac Hh cubation of 
aitaee | Lactic Cul 
Culture | ture at 21.C 2 , 
hr 
A 10 0.37 0.41 
12 0.53 0.65 
14 0.75 0.80 
B 10 0.43 0.52 
12 0.51 0.66 
14 0.66 0.75 
C 10 0.40 0.43 
12 0.45 0.56 
14 0.58 0.76 
D 10 0.40 0.40 
12 0.50 0.55 
14 0.63 0.76 


2 3 
0.41 0.42 
0.66 0.69 
0.80 0.80 
0.53 0.54 
0.70 0.74 
0.79 0.84 
0.44 0.41 
0.55 0.56 
0.77 0.76 
0.43 0.46 
0.56 0.56 
0.73 0.77 


* Percentage of filtrate added to milk at time of inoculation 
with lactie culture. 


TABLE 4 
Effect of heated filtrate on acid production by lactic 


starter cultures 


Per Cent Titratable Acidity* 


omg Lactic culture F Lactic culture C 
tion of 
a Added filtrate Added filtrate 
at 21 C No No 
filtrate filtrate 
Raw (Boiled? ri Raw Boiled Auto 
clavedt claved 
ne 
10 0.37 | 0.38 |} 0.38 | 0.37 | 0.39 | 0.46 | 0.44 | 0.41 
12 0.45 | 0.54 | 0.54 | 0.47 | 0.55 | 0.63 | 0.62 | 0.58 
14 0.56 | 0.71 | 0.69 | 0.60 | 0.68 | 0.78 | 0.75 | 0.69 
* Each value is the mean of two trials in duplicate. 
7 Filtrate boiled 5 min. 
t Filtrate autoclaved 15 min at 15 lb pressure. 
TABLE 5 
Effect on acid production of adding filtrate to milk 
prior to inoculation with lactic starter cultures 
Per Cent Titratable Acidity of Lactic Culture 
Incubation A G Cc 
of Lactic 
Culture at 
21C Time of adding filtrate prior to inoculation, hr:* 
0 6 12 0 6 12 0 6 12 
hy 
10 0.40) 0.40, 0.40) 0.24) 0.24) 0.25) 0.42) 0.40) 0.39 
12 0.58 0.58 0.58 0.31) 0.31) 0.31) 0.67 0.66) 0.64 
14 0.75 0.75, 0.75 0.47; 0.45) 0.40) 0.78) 0.78 0.76 


* Samples held at 21 C. 
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autoclaved for 15 min at 15 lb pressure, little stimula- 
tory effect was obtained although it varied with the 
culture tested. 

Tests for proteolysis on milk agar plates showed that 
boiled filtrates still retained considerable proteolytic 
activity. However, autoclaved filtrates failed to show 
proteolysis. 

Effect of adding filtrate to milk prior to inoculation with 
lactic cultures. In a further attempt to determine if en- 
zyme action was a factor in stimulation, filtrates were 

TABLE 6 


Effect of filtrate on penicillin inhibition of acid 
production by lactic starter cultures 





Per Cent Titratable Acidity with Units Penicillin 
Added per MI Milk:* 





| Time of 
Fawtiv Incthbation|— | -  SOtC=CSCS:S Sar 
Culture | 0f Lactic | None 0.1 0.2 0.4 
Culture at Sane = 
_No _No Added | _No Added No Added 
filtrate | filtrate | filtrate | filtrate filtrate | filtrate | filtrate 
hr 
At 10 


0.20 | 0.19 | 0.22 | 0.17 | 0.17 | 0.17 | 0.17 
12 0.26 | 0.22 | 0.32 | 0.17 | 0.20 | 0.17 | 0.17 
14 0.47 | 0.35 | 0.48 | 0.20 | 0.25 | 0.17 | 0.18 


Bt 10 0.23 | 0.21 | 0.21 | 0.17 | 0.18 | 0.16 | 0.17 
12 0.30 | 0.23 | 0.24 | 0.18 | 0.20 | 0.18 | 0.18 
14 0.36 | 0.25 | 0.31 | 0.18 | 0.20 | 0.17 | 0.18 


B 10 0.54 | 0.41 | 0.51 | 0.24 | 0.27 | 0.20 | 0.19 
12 0.71 | 0.51 | 0.61 | 0.26 | 0.30 | 0.21 | 0.22 
14 0.80 | 0.55 | 0.67 | 0.27 | 0.31 | 0.22 | 0.22 
* Penicillin added to milk at time of inoculation with lactie 
cultures. 
} These trials were with pasteurized skimmilk instead of 
autoclaved reconstituted milk. 


TABLE 7 
Effect of filtrate on chlortetracycline (CTC) inhibition 
of acid development by lactic starter cultures 


Per Cent Titratable Acidity with ug CTC* 
Added per MI Milk: 


Time of a =e 





é incematon | None oo | 002 0.03 0.05 

-= Culture at a) a See = —_ 

g 21 C No 

4 No No |Added| No |Added| No | Added! < Added 

filtrate filtrate) filtrate filtrate |filtrate| filtrate filtrate sare filtrate 

hr 

B 10 0.54) 0.48) 0.56| 0.38) 0.46 0.31 0.3410.24 0.24 
12 0.67; 0.57| 0.70) 0.46) 0.58) 0.37) 0.42/0.25, 0.25 
14 0.70 0.65) 0.73).0.53) 0.64 0.39 0.450.26 0.25 

F 10 0.40} 0.35) 0.46) 0.32) 0.38) 0.27 0.33'0.23) 0.2: 
12 0.50} 0.45) 0.57; 0.39) 0.50) 0.31, 0.36:0.24) 0.25 


14 0.66, 0.59) 0.73) 0.48) 0.64, 0.37 0.470.27 6.28 
A 10 0.52, 0.48 0.55) — 0.24 0.25 
12 0.69) 0.64), 0.75) — = — \0.24 0.26 
14 0.77; 0.70) 0.82) — = 0.24) 0.27 


* Chlortetracycline, added to milk at time of inoculation 
with lactic cultures. 








120 





added to milk, 0, 6, or 12 hr before inoculation with 
lactic culture. Samples were held at 21 C. On subse- 
quent inoculation and incubation the titratable acidities 
obtained were essentially the same whether the filtrate 
was added at the time of inoculation or at 6 or 12 hr 
previously (table 5). In a few instances the 12-hr prior 
incubation period suggested a slight inhibitory effect. 

Effect of filtrate on inhibitory action of anttbiotics. 
Since small amounts of antibiotics in milk inhibit acid 
production, several trials were made to determine 
whether the filtrate would counteract such inhibitory 
effects. Data in table 6 show that some compensatory 
effect was obtained when milk contained penicillin; the 
inhibition of acid production caused by 0.1 unit per ml 
was offset to a considerable degree. However, with lactic 
culture B, acid production was still less than in controls 
containing no penicillin and no filtrate. The compensa- 
tory effect of the filtrate was very slight when milk 
contained 0.2 unit per ml penicillin and was nil when 
0.4 unit per ml was present. At the latter level, there was 
essentially no acid development. 

When low levels of chlortetracycline (CTC) were 
added to milk, the filtrate had some compensatory ef- 
fect (table 7). The inhibition of acid production by 0.01 
ug CTC per ml milk was more than offset by added fil- 
trate. Titratable acidities in all cases were higher than 
the controls containing no CTC and no filtrate. When 
milk contained 0.02 ug per ml, added filtrate did not 
fully offset the increased inhibitory effect of the CTC. 
Although some compensatory effect of filtrate was still 
apparent at the 0.03 ug level titratable acidities were 
low both with and without filtrate. When milk con- 
tained 0.05 wg per ml of CTC, there was essentially no 
acid development either with or without filtrate. The 
titratable acidity readings obtained were presumably 
partly due to autoclaving of the milk. 


DISCUSSION 


Because of the recognized role of protein fractions in 
lactic starter culture development, it is probable that 
the stimulation in acid production by the P. fluorescens 
filtrates arose chiefly from protein degradation products 
present. It is also possible that enzyme activity in the 
filtrate contributed to greater acid production. The fact 
that filtrates from 10-day cultures were more stimula- 
tory than filtrates from 4-day cultures might signify 
that the extent of protein degradation was a factor. 
However, the longer incubation period conceivably also 
would yield an increase in enzymes as a result of cell 
autolysis. 

The much reduced stimulation obtained from auto- 
claved filtrate suggests enzyme activity might have been 
involved. Such heat treatment would also affect protein 
complexes and might make previously stimulatory frac- 
tions unavailable for cell utilization. That boiling the 
filtrate reduced stimulation only slightly does not elimi- 
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nate enzyme activity as a factor since boiled filtrat.: was 
still proteolytic. On the other hand, since no incre;:se jy 
stimulation was obtained when filtrate was added prior 

to inoculation with lactic cultures, it might seem that 

proteolytic enzyme activity was not a factor. How ever, 

the possibility of some type of concurrent action be- 

tween enzyme and lactic organisms cannot be over. 

looked. Although attention is directed toward the pro- 

teolytic enzyme, some other enzyme system may be 

involved. Further investigations are underway to deter- 
mine which fraction(s) of the filtrate is responsible for 
the lactic culture stimulation. Preliminary results indi- 
cate that a minor portion of the stimulation is produced 
by amino acids but that the major part is caused by an 
acetone-precipitated fraction having enzyme charae- 
teristics. 

Although no special study was made on flavor devel- 
opment, lactic cultures were checked frequently for 
flavor and aroma. In most cases cultures containing fil- 
trate did not differ noticeably from the controls except 
in acidity. However, unclean flavors did appear occa- 
sionally. Presumably, proteolytic activity was usually 
sufficiently inhibited by the acidity of the cultures to 
control off flavors. In lactic cultures prepared from ho- 
mogenized milk with added filtrate, no noticeable ran- 
cidity developed. 

The ability of the filtrate to counteract some of the 
inhibitory effect on acid production of low levels of 
penicillin and chlortetracycline in milk is of interest. 
The compensatory effect may arise from better nutrition 
of the lactic starter organisms or through some more 
direct mechanism. Although antibiotics in milk from 
cows treated for mastitis have created problems in the 
cheese industry for years, the situation appears to have 
been alleviated by the current national program de- 
signed to withhold antibiotic residues from milk. Hence 
possible application of the stimulatory factor to reduce 
the effect of antibiotics probably would be of little prac- 
tical importance. 

Because of the stimulatory effect on acid production, 
application of bacterial filtrates or fractions thereof to 
cheesemaking may have practical possibilities. Studies 
are being made to determine the effects of filtrates from 
various species on curd characteristics, flavor, and keep- 
ing quality. 
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SUMMARY 


Bacteria-free filtrates of milk cultures of a strain of 
Pseudomonas fluorescens were found to stimulate acid 









production by lactic starter cultures. The average in- 
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crease in titratable acidity, using 1 per cent added fil- 
trate Was 23 per cent at 14 hr incubation at 21 C,. Fil- 
trates from 10-day cultures of P. fluorescens were more 
effective than filtrates of 4-day cultures. Addition of 
filtrates to milk 6 or 12 hr prior to inoculation with lac- 
tic culture did not increase stimulation. Autoclaving 
the filtrate greatly reduced stimulation but boiling the 
filtrate caused only slight reduction in stimulation. The 
filtrate partially counteracted the inhibitory effect of 
small amounts of penicillin or chlortetracycline on acid 
production of lactic cultures. Studies are being con- 
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tinued to identify the stimulatory fraction(s) and to 
evaluate possible practical applications. 
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The “softening” of cucumbers under commercial salt- 
stock conditions is a well-known spoilage problem in the 
pickle industry. Much information on this subject has 
accumulated in the literature, particularly in relation to 
commercial operations in the southern United States 
(Bell, Etchells, and Jones, 1950, 1951, 1955; Etchells, 
Bell, and Jones, 1955; Etchells et al., 1958). However, 
only limited information is available concerning the in- 
cidence of this spoilage in commercial salt-stock in 
Canada. 

Softening of cucumbers manifests itself in varying de- 
grees either by the complete loss of firmness to a state 
of mushiness or to lesser degrees hardly noticeable to 
even the most experienced worker. The financial loss to 
the industry occurs when the “soft” stock must be dis- 
carded or used in products of low value. 

It is generally considered that softening is caused by 
the hydrolysis of the protopectin composing the middle 
lamella of the cucumber tissue. This hydrolysis destroys 
the cohesive nature and rigidity of the cellular structure, 
to the extent that the tissue is reduced to a mass of sep- 
arate cells surrounded by a large amount of clear liquid. 

The pectolytic enzymes responsible for cucumber 
softening have been discussed under various terms with 
the result that a good deal of confusion has prevailed as 
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to the nature of the enzyme systems involved. A recent 
classification by Demain and Phaff (1957), based on the 
substrate attacked and the mechanism of hydrolysis, 
has done much to clarify the situation. Those enzymes 
hydrolyzing pectic acid have been called endo- or exo- 
polygalacturonases, whereas enzymes having a prefer- 
ence for pectin were named endo- or exo-polymethyl- 
galacturonases. In addition to these pectic glycosidases, 
the enzyme pectinesterase is important in the de-esteri- 
fication of pectin, and has been found to limit the action 
of polygalacturonase on this substrate (Jansen and 
MacDonnell, 1945; Jansen, MacDonnell, and Jang, 
1945). 

In Ontario, the brining of cucumbers for the produc- 
tion of salt-stock begins in August and continues until 
the latter part of September, depending on the nature 
of the growing season. Upon arrival at the salting sta- 
tion, the cucumbers are graded according to size and 
then placed in large wooden vats. A false wooden top is 
placed over the cucumbers and a 5 to 9 per cent sodium 
chloride brine is added to a depth which will cover the 
cucumbers and the wooden head. The salt concentration 
is maintained at or near 6 per cent sodium chloride for a 
2- or 3-week period, during which time the acidity of 
the brine will increase as a result of the action of salt- 
tolerant lactic acid-producing microorganisms. After 
this initial fermentation period, the salt concentration 
is increased to approximately 16 to 20 per cent within 
6 to 8 weeks depending on the rate of fermentation and 
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the existing environmental conditions. rom this point 
the vats are maintained for varying periods depending 
on the demand. Thus, it can be seen that the sources of 
pectolytic enzymes under commercial conditions must, 


therefore, carry out enzyme production in an environ- 
ment of marked acidity and salt concentration. 

The original purpose of this study was a survey of the 
losses incurred by softening and those factors mainly 
responsible for the incidence or the lack of incidence of 
pectolytic enzymes at some commercial salting stations 
in Ontario. Although considerable information is avail- 
able in the literature on the methods of detecting pecto- 
lytic enzymes (Bell et al., 1950, 1955), very little has 
been reported on the pattern of enzyme activity in com- 
mercial vats and the effect of the environment on such 
activity. 


MATERIALS AND METHODS 


Sampling procedure. Large, 8- to 12-ft, uncovered 
brine vats were used in this investigation; the majority 
of these were located in the Guelph area, which per- 
mitted rapid, scheduled sampling. A sampling trough 
running the depth of the curing vats facilitated the pro- 
curing of samples. This trough allowed for the free 
movement of brine, but prevented the entry of cucum- 
bers. Thus, it was possible to sample each tank at any 
depth, although sampling at any diameter in the vat 
was not possible. 

A flexible plastic tube, 6 mm in diameter, was used to 
draw off the sampling brine. A thin metal rod was se- 
cured to this tubing to ensure support and a thermome- 
ter was located at the intake end to record the vat tem- 
perature at the time of sampling. Sterile 200-ml flasks 
were used to collect the brine after sufficient liquid had 
been allowed to drain through the tubing to ensure 
thorough rinsing. 

Vat samples shipped to Guelph from Chatham for 
analysis were drawn into two sterile bottles, one con- 
taining a preservative and the other without. The pre- 
served sample was employed for the chemical and 
enzymatic tests, and the nonpreserved utilized for the 
microbiological assay (Hamilton and Johnston, 1961). 

The vats under test in the Guelph area in 1958 were 
tested daily for a period of 10 days, beginning the day 
after the vat was closed. For this sampling period and 
for the 12th day, all samples were drawn from the top 
of the vat (1 to 115 ft from the solid head). Beginning 
at the 14th day and continuing on the 18th, 22nd, 38th, 
and 68th days after the close of the vat, sampling was 
carried out at three levels in the vat: top, middle (3 to 
315 ft), bottom (7 to 7/5 ft). These depths corresponded 
to a normal 8- to 9-ft deep brine vat, whereas increased 
depths were used for larger vats. 

Vats located at Libby’s in Chatham were sampled 
every other day from the top only, but as fermentation 







progressed, top, middle and bottom samples were also 
collected. 

During the 1959 brining season, sampling was ¢: ried 
out only in the Guelph area from the top of the v.t on 
the Ist, 3rd, 5th, 7th, 9th, 14th, 20th, and 30th days 
after closing. All enzyme tests were carried out the ~ame 
day as the sampling. 


Chemical Tests 

All brine samples obtained from the top of each vat 
were titrated with standard sodium hydroxide to deter- 
mine the titratable acidity as per cent lactic acid. In 
addition, the pH of these samples was determined and 
the per cent salt obtained by titrating with standard 
silver nitrate using dichlorofluorescein as the indicator, 
The internal temperature of the vat was recorded at 
the time of sampling and compared with the daily high 
and low ambient temperatures. 


Enzymatic Tests 


Polygalacturonase viscosity test. The polygalacturonase 
enzyme activity of all the brine samples was determined 
by the viscometric method of Bell et al. (1955), with the 
exception that a 0.9 per cent sodium polypectate solu- 
tion was used as the enzyme substrate instead of a 1.2 
per cent solution. The activity of the brine samples was 
recorded as the loss in viscosity of a 0.75 per cent sodium 
polypectate solution (final concentration) buffered at 
pH 5.0 and held at 30 C for 44 hr (where a 50 per cent 
loss in viscosity equals 48 units of activity). 

lor this test, Ostwald-Fenske pipettes were used ina 
glass, constant-temperature water bath with a Techne 
MK 111 thermo-regulator-agitator to maintain the tem- 
perature of the viscometers and the reaction mixture at 
30 + 0.1 C. A control viscometer was employed with 
each daily test series and the change in the control read- 
ing was applied to the “active” enzyme values as a 
correction for the inherent differences in the technique. 

The test vats were given activity ratings according to 
their degree of pectolytic activity as proposed by Bell et 
al. (1955) except that the ratings in this case applied 
from the start of fermentation and not just to the tests 
made after the 10th day. 


,’ 


Pectinesterase Test. To obtain a more complete picture 
of the enzymatic character of each test vat, a modified 
titration assay for pectinesterase was carried out in 
1959. This test was a modification of the method em- 
ployed by Winstead and Walker (1954), and similar to 
that used by Hills and Mottern (1947). 

For this test, 25 ml of a 1.2 per cent unbuffered pectin 
(8.0 per cent methoxyl) solution including sodium 
chloride at 0.24 M concentration were added to sterile 
125-ml flasks. To each of the flasks were added 10 drops 
of methyl red indicator and 6 drops of toluene to prevent 
microbial growth. Five milliliters of the first dialyzed 
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brine sample were added to the first flask to make the 
final concentration 1.0 per cent pectin and 0.20 m with 
respect to the Na ion. This solution was mixed thor- 
oughly and immediately titrated with 0.1 N sodium hy- 
droxide until the last trace of pink color disappeared. 
This constituted the initial or 0 time titration. The so- 
lution Was again titrated to the end point after 20 and 
44 hr incubation at 30 C. 

The difference between the number of ml of 0.1. N 
YaOH required for the active brine sample and that 
required for the heated control equals the milliliters of 
0.1 x acid released by the action of pectinesterase. This 
amount multiplied by 3.1 and divided by 5 will give the 
milligrams of methyl ester (methoxyl) removed by the 
active brine sample in 20 or 44 hr. The unit of pectines- 
terase activity used in this work is defined as the mg 
methoxyl released by | ml of dialyzed brine sample 
acting on a 1.0 per cent pectin (8.0 per cent methoxyl) 
solution at pH 6.2 in the presence of 0.20 m sodium 
chloride for 44 hr at 30 C. 


RESULTS AND DISCUSSION 


The selection of the test vats was made with some 
preference given to those with extended filling periods. 
This factor had been previously found to influence the 
degree of pectolytic activity (Lyster, 1953). Other than 
this, the vats were selected for testing without regard 
for the size or varieties of cucumbers used or the area 
from which they were obtained. 


Polygalacturonase Assay 


During the 1958 brining season some 56 commercial 
salt-stock vats were examined over the test period. Of 
this group, 41 were examined at Matthews-Wells Com- 
pany Limited, Guelph, and 15 at Libby, McNeill, and 
Libby of Canada Limited, Chatham, Ontario. 

It was observed from this series that very little change 
in the pectolytic activity occurred after the 14th or 18th 
day following the close of the vats, and for this reason 
testing in 1959 was limited to the first 30 days of fer- 
mentation. In addition, it was noted that in 75 per cent 
of the cases no difference in the activity was observed 
between the top samples and those from the middle and 
bottom of the vat, which would appear to indicate that 
the pectolytic activity detected did not necessarily begin 
at the top and proceed to the bottom as some workers 
believe (A. H. Jones, 1958, Personal Communication). 

Some storage of preserved brine samples was neces- 
sary during the 1958 test period and it was observed 
that some denaturation of the polygalacturonase oc- 
curred during intervals ranging from a few days to 
several weeks or more. In addition, contamination of a 
number of these samples was noted even in the presence 
of « preservative during storage at 5 C. 

In addition to the 56 vats examined in 1958, some 90 
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vats tested at Matthews-Wells in 
Guelph during the 1959 season over a 30 day test period. 
All of the test vats were arranged into groups according 
to their activity ratings as illustrated in table 1. 

It is noted from table 1 that very little difference oc- 
curred in the over-all enzyme activity at the Matthews- 
Wells plant during the two test periods despite very 
noticeable changes in the general sodium chloride levels 
employed. During 1958, the salt levels during the first 
2 weeks of active fermentation averaged between 4 to 6 
per cent sodium chloride, whereas the 1959 salt levels 
were maintained between 6 to 8 per cent with some as 
high as 10 to 12 per cent. This change in salt concen- 
tration brought about a general decrease in the titrata- 
ble acidity which did not appear to affect the maximal 
enzyme activity levels. 

By plotting the per cent loss in viscosity against time 
in days it is possible to derive a polygalacturonase ac- 
tivity pattern for each test vat. In an effort to analyze 
the factors generally limiting or affecting the activity 
during the first month of curing, 5 distinct types were 
obtained from the 146 enzyme activity patterns (fig- 
ure 1). 

Figure 1 (A) illustrates the type of enzymatic curve 
observed in 42 per cent of the test vats. The 62 vats of 
this group characteristically showed their enzyme ac- 
tivity to increase between the 2nd and 9th day, followed 
often by a very sharp decrease in activity as the fer- 
mentation progressed. Upon examination of the factors 
affecting this type of pattern, the vats showing the most 
pronounced drop in activity after the maximum were 


salt-stock were 


also found to show large increases in the acidity at times 
coincident with the losses in the enzyme levels. The de- 
crease in activity was first detectable when the pH had 
dropped to 4.0 and the titratable acidity had increased 
to 0.37 per cent or higher. These increases in the acidity 
occurred during periods of warm temperatures (22 C+) 
when conditions for lactic acid production are optimum. 


TABLE 1 
Polygalacturonase activity of 146 vats examined at two 
commercial salting stations during the 1958 to 1959 
brining seasons 


| Matthews-Wells Libby’s 
Loss in | Activity . 
Polygalacturonase Activity Viscosity | Units in Per Per Per 
in44 Hr} 44 Hr oo! cent >| cent oo | cent 
BS! of |\2R| of | SR] of 
2“ itotal |. “|total | 2 |total 
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Extremely strong.../ 56+ | 60+ | 1 
Very strong........ 46-56 | 41-60 | 1 
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Moderate. 11-25 |18 | 44 40 | 44) 4 
Negative—weak.... 0-10 17 | 42 |41 | 46 | 11 
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In some cases, this type of pattern was also brought 
about by relatively high initial salt concentrations such 
that the pH was observed to drop at a very slow rate 
during the first few days of fermentation, allowing the 
enzyme activity to increase. 

Figure 1 (B) illustrates the type of pattern observed 
in 26 per cent or 38 vats. The activity increased only 
slightly during the initial period of fermentation and 
remained at or near a constant level throughout the 
active fermentation until a decrease occurred during the 
latter stages of the sampling schedule. This type of 
curve was made possible by a very slow increase in the 
acidity because of the occurrence of low temperatures 
during the initial period of curing. In a number of cases, 
the pH remained above 5.3 for the first 14 days and it 
was only some time prior to the 20th day that the 
acidity began to increase. The effect of high salt levels 
and low temperatures was also found to produce a simi- 
lar effect upon the pectolytic activity of the test vats. 
Such a pattern suggests that the enzymes present were 
formed prior to their entry into the vat and as a micro- 
bial enzyme source would require some time for adap- 
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Figure 1. Polygalacturonase enzyme activity patterns 
observed from 146 commercial salt-stock vats. 
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tation and elaboration, the cucumber itself mig!:t be 
implicated in the occurrence of some polygalactur: nase 
activity. 

The pattern illustrated in figure 1 (C) was obse ved 
from 21 (15 per cent) vats and was characteristic 0: low 
activity patterns. This type of curve is essentially a 
straight line with little variation occurring throug)out 
the test period. Usually such low activity vats were sub- 
jected to rapid increases in the acidity as a result of high 
ambient temperatures, often despite high salt concen- 
trations. The rapid production of acid during the initial 
stages of fermentation appears to reduce the possibility 
of any increase in the enzyme activity levels during the 
first few days of the curing process. Such vats often gave 
negative to weakly active readings. 

Some 13 (9 per cent) of the vats showed enzyme ae- 
tivity patterns similar to figure 1 (D), which indicates a 
decrease in activity from the start of sampling. The 
highest level was attained during the first. 24-hr period 
and it was interesting to note that the continuous de- 
crease in activity was accompanied by a rapid increase 
in the acidity. The majority of vats in this group re- 
quired a number of days to fill and, as some activity 
might have occurred prior to the closing of the vat, it is 
possible tanks of this type might have shown activities 
similar to figure 1 (A). 

Twelve vats (8 per cent), as illustrated by figure 1 
(2), were characterized by a slow increase in polygalac- 
turonase activity followed by a decrease toward the end 
of the sampling schedule. This type of pattern was in- 
fluenced by cooler temperatures and high salt levels 
which reduced the rate of acid production throughout 
the first 2 weeks. This low acidity level appeared to be a 
favorable environment for pectolytic enzyme produc- 
tion as illustrated by the increase in activity until the 
14th or 20th day. An increase in the temperature or a 
decrease in the salt concentration appeared to be re- 
sponsible for an increase in the total acidity, which in 
turn had a detrimental effect upon the polygalacturon- 
ase activity. 


TABLE 2 

Relationship between the size of the cucumber and the 
polygalacturonase (PG) activity observed from 146 

commercial cucumber salt-stock vats 


Number of Per Cent of Maximal Average 


eS | EP 
1 9 6 39.5* 
2 18 12 27.0 
3 29 20 | 26.0 
4 23 16 | 17.7 
5 19 13 16.1 
6 27 19 14.7 
7 21 14 13.7 


* As per cent loss in viscosity. 
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A definite relationship appears to exist between the 
size of the cucumber and the amount of activity de- 
tected. As each test vat contained cucumbers of the 
same size, an appraisal of the influence of this variable 
was possible. As table 2 indicates, with decreasing size 
(increasing surface area of cucumber tissue per vat) 
there Was a corresponding increase in pectolytic (poly- 
galacturonase) activity. The increased activity was 
particularly noticeable between sizes 1 and sizes 2 or 3, 
and sizes 2 or 3 and 4 or 5. This type of relationship 
would appear to implicate the cucumber as a source of 
polygalacturonase activity. 

It was interesting to note that vats of sizes 1 and 2 
also contained a considerable amount of adhering flow- 
ers, leaves, and vines which have been reported to be 
important sources of pectolytic enzymes in themselves 
(Bell, 1951; Bell et al., 1951; Bell, Etchells, and Costi- 
low, 1958). It has recently been reported, however, 
that the activity observed by Bell (1951) might be due 
to the accompanying fungal populations (Etchells et al., 
1958), although very low fungal populations were ob- 
served from test vats in this study (Hamilton and 
Johnston, 1961). Despite the presence of adhering ma- 
terial in the vats showing activity in excess of 50 units 
of pectolytic activity, no softening was observed in the 
cured salt-stock once the vats were opened for pro- 
cessing. 

The addition of salt to the vats had no direct effect 
upon the polygalacturonase activity but coupled with 
the ambient temperatures served to control the amount 
of acid produced which in turn limited the action of this 
enzyme. Another factor apparently affecting the vat 
acidity was the time required to fill the vats. Those con- 
taining smaller sizes required extended filling periods 
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Figure 2. Pectinesterase enzyme activity patterns observed 


from 90 commercial salt-stock vats. 
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with the result that some acid production often occurred 
prior to the closing of the vats. This high initial acid 
level, particularly with filling periods of 4 to 8 days, was 
sufficiently high to limit further lactic acid production 
and fermentation was arrested. 

The internal temperature of the vats remained stable 
when compared to the high and low daily ambient tem- 
peratures, and increases or decreases in the vat tem- 
perature were brought about only by a sustained period 
of high or low temperatures. 


Pectinesterase Assay (1959 Only) 


Generally speaking, the results of this assay concur 
with the findings of Bell et al. (1951) in that the pectin- 
esterase activity of commercial vats is low compared to 
the esterase activity of the fresh cucumber. Although a 
continuous titration method (Bell et al., 1951) employed 
for short time reactions is the most accurate method of 
measuring the increase in the free carboxyl groups, it is 
impractical when used on a large scale for small amounts 
of the enzyme. It was found in this work that the en- 
zyme concentration of the brine samples was very low, 
necessitating long incubation periods for the detection 
of the enzyme activity. 

A pectinesterase enzymatic pattern for each test vat 
can be derived by plotting PE units (milligrams of 
methoxyl liberated by 1 ml of enzyme solution in 44 hr) 
against time in days. The pectinesterase patterns appear 
to follow one general curve that can be separated into 
three groups for the sake of convenience as illustrated 
in figure 2. The general pattern shows the enzyme ac- 
tivity to increase at the beginning of the test period to a 
maximal level attained at varying times throughout the 
sampling schedule. Some vats were observed to reach 
this maximum in 5 days whereas others were still in- 
creasing at the last sample. 

‘igure 2 (A) presents the type of activity shown by a 
group of 24 (27 per cent) vats that reached their maxi- 
mal activity within 5 to 7 days following the closing of 
the vats. The increase in activity during this period was 
followed by a variety of patterns after the peak had 
been reached. The activities from the 9th day until the 
final samples took a number of courses: some continued 
at a constant level, whereas others decreased as the 
fermentation progressed. 

The second variation of the general pattern was typi- 
cal of those vats which reached their maximal level on 
the 14th or 20th day after closing. This type of curve, as 
illustrated in figure 2 (B), was observed in the majority 
of the cases (52 per cent), and was characterized by a 
slower increase in activity until the peak was reached, 
followed always by a decrease in the final samples. 

The final grouping includes a series of nineteen (21 
per cent) vats that exhibited enzyme patterns indicating 
increasing activity until the final samples (figure 2 (C)). 
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It is possible that the activity of this group continued 


to increase beyond this point. 

It is of interest to compare the pectinesterase activity 
in relation to the polygalacturonase action in each test 
vat. It was observed that vats with high polygalac- 
turonase activity had correspondingly high pectines- 
terase action. This can be readily seen by separating the 
test vais into three groups according to their polygalac- 
turonase activity ratings: strongly active, moderately 
active and negative to weakly active. The maximal 
polygalacturonase and pectinesterase levels of the vats 
in each group were averaged and compared in table 3. 
Despite the relationship of coincident high activities 
there was very little indication that the polygalacturon- 
ase activity was influenced by the action of pectines- 
terase. The action of the two enzymes appears to be 
independent as the losses as well as increases in poly- 
galacturonase activity occurred during pectinesterase 
increases. 

A study of the losses occurring in pectinesterase ac- 
tivity from the initial sample to the 20th day confirms 
the opinion of Bell et al. (1951) that environmental fac- 
tors limit the action of this enzyme. In 69 per cent of 
the cases, losses in pectinesterase activity were coinci- 
dent. with increases in the salt concentration and to a 
lesser extent increases in the acidity. ' 

As in the case of the polygalacturonase activity, a 
definite relationship exists between the size of the cu- 
cumber and the degree of pectinesterase action as illus- 
trated in table 4. The values were obtained by averaging 
the maximal pectinesterase activity of the vats in each 
size group. Thus, with a decrease in the size of the cu- 
cumber there was a corresponding increase in the pec- 
tinesterase activity from the beginning of the active 

TABLE 3 
Relationship between the degree of polygalacturonase (PG) 


activity and the degree of pectinesterase (PE) activity in 
90 test vats during the 1959 brining season 


Maximal PG Maximal PE 


Average Average 
Activity Rating ee 
Per cent M 
; Mg 
loss in | methoxy/ml 
viscosity a 
Strongly active. ... at 9 39.3 3.8 
Moderately active. 40 23.1 3.0 
Negative—weakly active 4] a7 2.2 


TABLE 4 
Relationship between the size of the cucumber and the 
amount of pectinesterase activity detected 


Cucumber Size vee 1 2 3 4 5 6 7 


Pectinesterase activity in mg 
methoxy]/ml 


4.3) 4.0) 3.7 
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fermentation period. This is not in agreement wit‘) the 
findings of Bell et al. (1951), who observed no diffe:ence 
in activity between the brines of cucumbers of difi ren; 
sizes. The tests carried out by these workers, howsver, 
were made 43 to 47 days after the start of ferment:ition 
when the enzyme activity is normally low, which might 
explain these findings. Although the tests in this study 
were not extended beyond the 30th day, inactivation 
was noticed when the brines had reached pH 3.6, 0.6 
per cent lactic acid and 9.0 per cent salt, which were 
conditions similar to those described in Bell’s work. 

Despite the observations of Bell et al. (1951) with 
commercial salt-stock, a companion study by these 
workers showed that the diffusion of pectinesterase was 
more rapid from small-sized cucumbers than from the 
large in a 13.2 per cent brine without fermentation, 
This observation appears to be confirmed in this study, 

The condition of the cured cucumber salt-stock was 
examined from 90 (62 per cent) of the test vats opened 
at this writing and all of this material was found to be 
in excellent condition. Included in the examined stock 
were the majority of the high activity vats containing 
adhering cucumber flowers and leaves along with a 
number of low activity vats. The indication is that the 
remaining salt-stock, yet unopened, will be in a similar 
condition, The examination of this cured stock disclosed 
that the occasional soft cucumber could be included in 
the vat without a general soft condition. These soft 
cucumbers, found mainly in vats of small sizes, repre- 
sented less than 1 per cent of the total vat contents and 
in many cases appeared to be injured prior to their entry 
into the vats for curing. Some bloaters were observed 
with soft. centers but the external tissue of the stock was 
firm and devoid of softness. 
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SUMMARY 


Two commercial salting stations in Ontario have been 
studied for the incidence and pattern of activity of pec- 
tolytic enzymes and it was found that this type of spoil- 
age is not a major problem at these plants. A total of 
146 test vats were examined during 1958 to 1959, 90 of 
which have been opened for processing to date. The 
cured stock of these vats was examined for firmness and 
all found to be in good condition although the brine of a 
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number of vats was observed to be high in pectolytic 
activity. 

An enzyme similar to polygalacturonase was found in 
moderately high concentrations in the brines of vats con- 
taining sizes 1 and 2. These vats usually contained con- 
siderable quantities of adhering cucumber flowers and 
leaves Which have been reported to be sources of highly 
pectolytie filamentous fungi. Brine samples collected in 
this work were found to contain low fungal populations. 

The most general pattern of polygalacturonase activ- 
ity was an increase in the enzyme level during the first 
§ days followed by a decrease in action as the fermenta- 
tion progressed. Generally, no increase was observed 
after the 14th day when the pH had reached 3.8 to 4.1 
and the titratable acidity had increased to 0.30 per cent 
or higher. There was no indication that the enzyme ac- 
tivity of the top samples was any greater than those 
from other levels of the vat. Both polygalacturonase and 
pectinesterase activity appears to vary inversely as the 
size of the cucumber. 

The enzyme, pectinesterase, was found to be present 
in low concentrations in the salt-stock brines. A com- 
panion study indicated that the cucumber appears to 
be the sole source of this enzyme. The environmental 
conditions of the vats did not appear to limit the action 
of pectinesterase as readily as polygalacturonase. Pec- 
tinesterase was noted to increase in activity at pH 3.7, a 
titratable acidity of 0.60 per cent and 9.0 per cent so- 
dium chloride. Salt appears to influence the concentra- 
tion of this enzyme and the possibility exists that the 
exchange of tissue fluids from the cueumber during fer- 
mentation might be involved with this effect. 

High polygalacturonase and pectinesterase activities 
occurred with small sized cucumbers, although each 
enzyme appears to function independently. 
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The investigation of cucumber softening can be 
traced back to the turn of the century when Aderhold 
(1899) described a sporeforming organism, which he 
called Bacterium coli, as the cause of this spoilage. 
Kossowicz (1908), however, implicated the genus Bacil- 
lus and further work by Rahn (1913), LeFevre (1919), 
and Joslyn (1929) confirmed and extended this theory. 
Fabian and Johnson (1938) continued the study of the 
aerobic, sporeforming, mesophilic bacteria and were 
successful in isolating Bacillus mesentericus fuscus (Ba- 
cillus subtilis) from brine containing soft cucumbers. It 
was shown that this organism grew readily in 9 per cent 
salt, 0.2 per cent acetic acid, and 0.3 per cent lactic 
acid. In addition, it was shown that the cultural filtrate 
of this organism, after growth in beet molasses medium, 
‘saused spoilage of firm desalted cucumbers in 24 hr. 

Despite the evidence implicating the genus Bacillus, 
it is generally considered that this group probably plays 
a very minor role in softening under normal curing con- 
ditions. Fabian and Johnson (1938) were probably the 
first to cast doubt on this theory when they found the 
pectic enzymes of B. subtilis were inhibited by 2 per 
cent salt. They were able to increase the salt tolerance 
of the enzymes to 7 per cent salt by continuous culture 
at high concentrations of salt, but as softening occurs at 
much higher levels, it was concluded that spoilage by 
this organism was unlikely. 

More recently Nortje and Vaughn (1953) carried out 
qualitative studies with B. subtilis and Bacillus pumilis 
in relation to cucumber softening and indicated further 
doubt as to the importance of bacterial spore-formers 
as causal agents. The pectolytic enzyme complex of B. 
subtilis, similar to polygalacturonase, was found to be 
most active at pH 8.6 and reasonably stable in an alka- 
line environment, but lost its activity under acid con- 
ditions. 

Vaughn et al. (1954) concluded that species of Bacillus 
would carry out softening of brined cucumbers only if 


1 This investigation was supported by the Canada Depart- 
ment of Agriculture (EMR project no. 90). 

2 Present address: Department of Bacteriology, University 
of Wisconsin, Madison, Wisconsin. 


they predominated the microbial populations of the 
salt-stock brines, if the pH of the brine remained 5.5 or 
above, and if the lactic acid fermentation was retarded 
such that the total acidity remained relatively low for 
several days. 

The incidence of yeast flora in commercial cucumber 
salt-stock has been studied extensively by Etchells and 
co-workers (1941, 1950, 1953). Etchells and Bell (1950) 
found that of the surface yeasts isolated from salt-stock 
brines, Debaromyces, Endomycopsis, and Candida spe- 
cies de-esterified pectin. Luh and Phaff (1951) found 
generally that few yeasts were active against liquid 
pectin. Of the large number of yeasts studied, only Sac- 
charomyces fragilis and varieties of this species were 
found active. In a more recent study, Bell and Etchells 
(1956) found that in addition to the surface yeasts de- 
esterifying pectin, species of Hansenula, Rhodotorula, 
and Zygopichia were also capable of elaborating pectin- 
esterase. However, none of the yeasts isolated from 
brines was found to carry out glycosidic hydrolysis as 
compared to nonbrine species of S. fragilis. 

Etchells, Bell, and Jones (1955) implicated fungi as 
the causal agents of cucumber softening. These workers 
contended that fungi occurred in salt-stock fermenta- 
tions as contaminants on cucumber flowers which re- 
mained attached to the fruit after the blooming period. 
It was noted that. brine from vats filled with a high in- 
cidence of flowers exhibited increased pectolytic activity 
compared to brine from tanks where the flowers had 
been removed prior to fermentation. 

Etchells et al. (1958) continued the study in relation 
to cucumber flowers and fruit. High fungal populations 
were noted from both cucumber flowers collected in the 
field and at the commercial brining stations. It was 
again noted that the pectolytic activity of brined, 
flower-laden cucumbers was higher than that for the 
flowerless fruit. Of the 72 species of fungi isolated in this 
work, the majority proved to be both pectinolytic and 
cellulolytic. Five genera, Penicillium, Ascochyta, Fusa- 


rium, Cladosporium, and Alternaria, represented 60 per 
cent of all the isolates and were found to be important 
sources of pectinolytic enzyme activity. The authors 
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concluded that filamentous fungi were definitely impli- 


eated in softening under commercial conditions found 
in the southern United States. 

During the 1958 to 1959 brining seasons, a microbio- 
logical study was carried out in connection with the in- 
eidence and pattern of activity of pectolytic enzymes in 
commercial cucumber  salt-stock brines in Ontario 
(Hamilton and Johnston, 1961). This study included 
the isolation, from commercial brines, of organisms 
which elaborated pectolytic enzymes on a laboratory 
medium. Additional tests were carried out in an en- 
deavor to determine which of the types of organisms: 
bacteria, yeasts, or filamentous fungi, have the ability 
to produce pectolytic enzymes under the environmental 
conditions of commercial vats. 

A number of important prerequisites must be satisfied 
by an organism before it can be considered a causal 
agent of pectolytic softening under commercial condi- 
tions. Such an organism must have the ability to (a) 
withstand the salt and acid concentrations of a cueum- 
ber salt-stock brine, (b) produce pectolytic enzymes 
under these conditions, and (c) elaborate these enzymes 
in high concentrations for an extended period. 

To test the organisms isolated for the above prerequi- 
sites, a series of experiments were proposed simulating 
vat conditions and testing for the presence of the en- 
zymes resembling the polygalacturonases, the poly- 
methylgalacturonases and pectinesterase (Demain and 
Phaff, 1957). 


MATERIALS AND METHODS 


Isolation 


1958. During the commercial 
brining season of 1958, pectolytic organisms from com- 


Media and procedures 


mercial salt-stock vats were isolated from some 56 vats 
in Guelph and Chatham, Ontario. The sodium poly- 
pectate medium proposed by Vaughn et al. (1957) for 
the isolation of pectolytic organisms was used at three 
pH levels: pH 6.5, for the isolation of bacteria; pH 4.2, 
for the isolation of yeasts; and pH 3.3, for the isolation 
of filamentous fungi. 

Following the preparation and subsequent steriliza- 
tion of this medium, it was allowed to cool to room tem- 
perature before pouring into Petri plates and then al- 
lowed to solidify for several hours. These plates were 
stored at 5 C until they were required, with care being 
taken to dry them before use. 

In addition to the poured sodium polypectate gel 
plates, deep test tubes of the same medium were pre- 
pared at pH 4.2 for the isolation of anaerobic organisms 
showing pectolytic activity. 

During the first 12 days of sampling, the sodium 
polypectate gel (SPG) at pH 6.5, 4.2, and 3.3 along with 
‘he anaerobic tubes at pH 4.2, were employed for isola- 
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tion. However, from the 14th day and including the 
18th, 22nd, and 68th days, all isolations were made 
from the SPG adjusted to pH 3.8. The pH of the brine 
was rarely found to exceed this level at this stage of 
fermentation. 

Each brine sample was swabbed onto plates of solidi- 
fied sodium polypectate gel immediately upon arrival 
at the laboratory. Following this streaking, the plates 
were incubated at 30 C for 3 to 5 days and then exam- 
ined for any evidence of liquefaction. If liquefaction 
occurred, the organism or organisms responsible were 
then streaked on slants of beef extract agar containing 
6 per cent sodium chloride. The slants were incubated 
at 30 C until growth appeared followed by storage at 5 
C until purification was possible. 

Media and procedures—1959. In an effort to contrib- 
ute to the current knowledge concerning the fungal 
populations in the salt-stock brines, a brief survey was 
conducted during the 1959 brining season to test for 
the presence of these organisms in the brine. The 
method involved the streaking of the initial or Ist day 
samples of each test vat on Littman’s (1947) medium 
with a 0.01-ml wire loop in order to obtain an approxi- 
mate count present in the brine at the time of sampling. 
Littman’s medium included streptomycin (30 mg per 
ml) to inhibit bacterial growth. Incubation was carried 
out at 25 C. Fungal cultures isolated were streaked on 
potato dextrose agar slants and stored at 5 C until 
purification could be carried out. 

All of the microbial cultures obtained during the two 
periods were purified and streaked on sodium polypec- 
tate gel and retained if they liquefied the medium. The 
cultures obtained from the deep stab tubes were handled 
like the bacterial isolates with the exception that the 
streaked sodium polypectate plates were incubated 
aerobically and anaerobically under an atmosphere of 
hydrogen. All of the fungi isolated were identified, as 
were a number of the bacterial cultures. 


Brine Studies with Pure Cultures 


Brine medium. Large quantities of commercial cu- 
cumber salt-stock brine at pH 3.4 and 16 per cent salt, 
were dialyzed for various periods to lower the salt ‘con- 
centration and the resulting solutions adjusted to four 
separate salt and pH levels: test I, pH 5.3 and 6.0 per 
cent salt; test II, pH 4.0 and 9.0 per cent salt; test II], 
pH 3.4 and 12.8 per cent salt; and test IV, pH 5.3 and 
no salt. In all cases, pectin (8.0 per cent methoxyl) was 
added to the brine medium to a final concentration of 
0.5 per cent to act as a substitute for cucumber proto- 
pectin. 

Test I represented the conditions occurring during the 
Ist to 3rd days of fermentation, whereas test II] repre- 
sented the conditions between the 5th and 9th day 
when the polygalacturonase activity of the brine usually 
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began to decline. Test IIT was representative of the con- 
ditions during the latter stages of curing when the en- 


zyme activities were observed to be very low. Test IV 
served as a control. In addition, all organisms used in 
the tests were also streaked on sodium polypectate gel 
to reaffirm their ability to produce an enzyme similar to 
polygalacturonase on laboratory medium. 

The brine medium was distributed to 2-ounce bottles 
in 25-ml amounts, capped, and sterilized. The control 
series was sterilized for 15 min at 15 lb and the other 
groups were sterilized at 10 lb for 10 min. In each case, 
the medium was cooled immediately following the steri- 
lization to prevent further denaturation of the pectin. 

Fifteen yeasts and 141 bacterial cultures were ran- 
domly selected from the isolates and separated into 
groups according to their degree of hydrolysis of sodium 
polypectate gel. Fifty-six fungal cultures were utilized 
for this work and were similarly grouped. Included with 
the pectolytic bacteria was a group of 51 nonpectolytic 
organisms to act as controls. 

Procedure. Twenty-four hours prior to the incubation 
of the brine medium, the bacterial and yeast cultures 
were transferred to test tubes containing 5 ml of beef 
extract. broth +0.1 per cent glucose and incubated at 
their optimal temperatures. For inoculation of the 
brine medium, the resulting broth suspension was 
adjusted to a constant turbidity by dilution with 
sterile broth. One milliliter of this suspension was then 
transferred to the brine medium, mixed, and incubated 
at 24 C for 3 days. 

Filamentous fungi were prepared for inoculation by 
adding 2 or 3 ml of broth to a culture slant and washing 
the mycelium and spores into suspension with a sterile 
needle. To the brine medium, 0.5 ml of this suspension 
was added, followed by thorough mixing, and incuba- 
tion at 24 C for 3 days. All fungal tests were carried out 
in duplicate because of the difficulty in estimating the 
amount of growth added to the brine. 

Following the incubation period, all the samples 
were dialyzed in demineralized water at 5 C for 5 hr. 
Prior to this dialysis, all samples containing fungi were 
filtered to remove the mycelial growth and the majority 
of spores. After the dialysis, the samples were removed 
to test tubes containing 0.5 ml of toluene to prevent 
further growth, and these tubes were placed in a 30 C 
water bath for equilibration prior to the enzyme tests. 


Enzyme Tests 

Polygalacturonases. The method of Bell et al. (1955) 
was used for the polygalacturonases (PG) test with the 
exception that a 0.9 per cent solution of sodium poly- 
pectate adjusted to pH 5.3 was used in this case. The 
same substrate was used in all four series. The tests 
were made at 30 C and incubation carried out at the 
same temperature with the final readings being made at 
20 hr. 


Pectinesterase. The titration method of pectinesi -rase 
(PE) assay (Hamilton and Johnston, 1961) was u-d ip 
this work, with the exception, however, that the in: :tba- 
tion period was extended to 68 hr at 30 C. Five dros of 
toluene were included in the reaction mixture to prevent 
microbial growth. 

Polymethylgalacturonases. This group of enz\ mes 
(PMG) is specific for the substrate pectin according to 
the classification of Demain and Phaff (1957). There- 
fore, a viscosity method similar to that of Bell ¢/ al, 
(1955) was used by substituting pectin for the sodium 
polypectate substrate. A 1.3 per cent solution of pectin 
(8.0 per cent methoxyl), buffered by sodium hydroxide 
and citric acid at pH 5.3, was used in Ostwald-Fenske 
pipettes and gave flow-times similar to a 0.9 per cent 
solution of sodium polypectate. , 

The procedure involved added 15 ml of the pectin 
solution and 5 drops of toluene to a 1-ounce sterile 
bottle. This solution was then allowed to equilibrate at 
30 C for 30 min. At 0 time, 3 ml of the dialyzed enzyme 
sample were added to the bottle and the solution mixed 
thoroughly. Six milliliters of this reaction mixture were 
then immediately removed to an equilibrated viscom- 
eter and the initial flow time recorded. The bottles 
containing the reaction solution were then incubated at 
30 C for 68 hr, at which time 6 ml of the solution were 
again removed to the same viscometer and the final 
reading observed. The same calculations were used here 
for the loss in viscosity of the pectin solution as were 
employed for the polygalacturonase viscosity test (Bell 
et al., 1955). 

Control samples were included with each of the daily 
tests with the appropriate corrections made to all the 
calculations for the changes observed in the control 
readings. ‘ 


RESULTS 

A total of 429 pure, pectolytic cultures was obtained 
for the 56 commercial vats tested in 1958. Of this total, 
393 were found to be gram positive, sporeforming 
bacteria resembling the. genus Bacillus, 21 were yeasts, 
and only 15 were cultures of filamentous fungi. 

In 1959, only 42 cultures of filamentous fungi were 
obtained from 90 commercial vats. All but one of these 
cultures were found to be pectolytic on sodium poly- 
pectate medium upon purification. The total of 56 
pectolytic fungi from both sampling seasons were iden- 
tified and are presented in table 1. In addition to the 
filamentous fungi isolated, some 17 cultures of yeasts 
were also obtained but not identified. Of the yeast 
cultures obtained, only 15 were found to be pectolytic 
and to a very slight degree. 

The cultures isolated from the deep tubes of the 
sodium polypectate gel included facultative anaerobes, 
while the remainder were found to be aerobic. None of 
these cultures was found to be pectolytic. 
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~o TABLE 1 
sUTase 
: Pectolytic enzymes elaborated by filamentous fungi, bacteria, and yeasts under simulated commercial salt-stock conditions 
din at four pH and sodium chloride levels 
F Pp and sodtum chtoride ltevets 
ne aba- aan a = = 
“08 of Polygalacturonaset Polymethylgalacturonaset Pectinesterase§ 
revent . Number Action ea ; ? 7 = wee ; 7 
Organism Tested SPG* Percent loss in viscosity Percent loss in viscosity Mg methoxyl per ml 
zVmes Test I Test IL Test HI Test IV Test I Test II |Test II] Test IV. Test I Test II Test III Test IV 
ing to FUNGI 
| here- Alternaria 
ct al A. fasciculata. 1 3+ 4 | 46.2\| | 20.5 1.0 9) B60 | 204) 3:54) — 0.0; 0.0} 0.0 
any A. humicola 7 a+ 31.7 20.3 | 13.1 | 69.4 | 38.0 | 9.5 | 7.7 | 46.4 0.0; 0.0; 0.0; 0.0 
ocium A. tenuis. 1 3+ 22.6 2.0 1 = 22.6 4.4 1.3 = 0.0 0.0 0.0 -— 
pectin Aspergillus 
2 A. flavus... 1 3+ 8.2 17.6 LL | 20:4 | 30:3 } 26.4 4.2 | 56.3 0.0 0.0 0.0 0.5 
roxide A. fumigatus. 1 3+ 48.0 11.0 1.0 - 43.5 | 27.6 3.6 — 0.0 0.0 0.0 - 
enske A. niger... 1 44+ | 81.8 88.7 | 93.5) — | 45.6 | 86.5 | 80.0} — 0.0! 0.0| 0.2 
A. sydowi?. 2 2+ 17.4 36.0 | 30.4 — 9.8 | 21.5 | 19.0 — 0.0 0.0 0.0 —- 
r cent Cephalosporium 
(’. acremonium 2 | 2+ 10.3 6.3 1:0 | 20:6) 7.7 | 6:0) 3.0 | 40:8 | 0:0) 0.0:) O:0:| O20 
, (. coremioides 6 2 3.0 6.2 25 10.1 2 3.6 = 0.0 0.0 0.0 - 
pectin ('. roseo-griseum 5 | 3+ | 35.3 | 35.6) 2.0 _ 57.7 | 32.6 | 4.5) — 0.0. 0.0) 0.0 
sterile Epicoccum 
E. nigrum 1 2+ 22.4 2.9 1.0:| 94.4 | 17.3 2.5 7.0 | 83.9 0.0 0.0 0.0 0.4 
ate at Fusarium 
izvme F. concolor. 1 2+ 3.0 5.0 1.7 | Sh.3:j 1032 4.4 5.2 | 7638 0.0 0.0 0.0 0.0 
e F. culmorum ] 2 30.8 2:0 Ve = 45.3 3.2 2.9 — 0.0 0.0 0.0 —~ 
mixed F. diversisporium 1 2+ 7.8 4.2 1.4 23.3 3:0 y ae — 0.0 0.0 0.0 
> were F. nivale.. 1 3+ 6.5 31.4 ie’ 16.5 | 31.4 2.6 — 0.0 0.0 0.0 
F. tumidum 1 2+ re yer f 7a 15.5 6.8 3.4 ~ 0.0 0.0 0.0 
iscom- Hormodendrum 
0ttles ier Senne 2 3+ 30.3 | 63.5 1.0 | 78.8 | 43.3 | 67.3 20 | tha | OO) O.0:) OO} C2 
Monta 
ted at M. brunnea.. 1 | 3+ | 22.4 | 56.3| 4.5 | 79.1] 8.2| 15.6] 1.0] 20.7] 0.0| 0.0] 0.0| 0.0 
1 were Penicillium 
é P. aurifluum. 2 3+ 8.0 42.0 5.4 — 17.1 | 50.8 5.0 _- 0.0 0.0 0.0 = 
» final F. CGe8t.... 2 | 3+ | 66.4 | 94.8 3.9 | 86.0 | 80.4 | 91.7 | 3.3 | 79.3 | 0.0}; 0.0] 0.0) 0.0 
d here P. gilmanii 2 | 3+ 17.8 | 46.3 1.0 —- | 24.1)}64.9] 4.0} — 0.0; 0.0; 0.0 - 
P. miczynskii. . 1 3+ 18.6 5.6 1.0 7 21.5 | 29.7; 80; — 0.0; 0.0; 0.0 
5; were P. oxalicum.. 1 3+ 48.7 75.4 1.9 - 12-0 | Sa.4 | 17.7 a 0.0 0.0 0.0 
+ (Bell P. puberlum 1 3+ 74.5 81.1 1.0 82.4 | 82.3 ye | —_ 0.0 0.0 0.0 
P. roqueforti. 1 3+ 48.4 | 80.6 | 1.0 66.2 | 74.1 2.8; — 0.0; 0.0} 0.0 
P. stoloniferum 1 3+ 644.6 | 64.3) — 52.4 | 72.8) — — 0.0; 0.0| 0.0 
> daily P. sauvolens 1 3+ 24.0 61.8 3.8 - 35.4 | 69.3 3.6 ~ 0.0 0.0 0.0 
Hl the ; —- | 3+ 49.8 81.6 3.1 - 4753 | 53.7 5a ~~ 0.0 0.0 0.0 
! ? -ullularia 
ontrol P. pullulans. . 6 | 2+ 10.9 | 18.7 3.2 | 95.2 | 22.4 | 18.6 | 3.1] 51.5] 0.0; 0.0] 0.0] 0.1 
2 Hormiscium 
H. species ; 1 2+ 45.5 58.6 1.6 | 48.7 | 32.0 | 48.8 2.0 | 197 0.0 0.0 0.0 0.1 
BACTERIA 
Gram positive, sporeforming | 11 4+ 2.7ft| 2.3| 2.6] 3.4) 6.3) 4.2] 2.6) 3.6) 0.0) 0.0] 0.0] 0.0 
tained rods, aerobie (Bacillus) 0.0 0.0/ 0.0 Lf | O:0| 020 120 Le 
total, | 39 | 3+ 4.8 4.8 6.9| 6.8) —- ~ 0.0} 0.0 
easts, 7 |2+ | 8.8 3.2} 6.2) — | — | 1.4] 0.0] - - 0.0 
0.0 0.0 0.0 0.0 
| were | 22 + 4.1 : 5.5 | 4.2) — — 1.3) 0.0; — 0.0 
‘these | 0.0 0.0 0.0 0.0 
poly- 51 | 0 3.4 | 40] — | 48] 5.1] 7.1] — | 1.2] 0.0! 0.0 0.0 
of 56 % 0.0 0.0 0.0, 0.0 0.0 0.0 
iden- YEASTS 
» te Unidentified. .... 5 | + | 28 | 6.2] 1.6] 4.4] 1.0! 10.2] 3.6] 1.0] 0.0! 0.0! 0.0| 0.0 
init 0.0 0.0 0.0 Ls 0.0 0.0 0.0 0.0 
yeast “Sodium polypectate gel. 
5 ir | The action of microbial enzymes on a 0.75 per cent sodium polypectate solution at pH 5.3 after 20 hr at 30 C. 
olytic | { The action of microbial enzymes on a 1.1 per cent pectin (8.0 per cent methoxyl) solution at pH 5.3 after 68 hr at 30 C. 
5 § The action of microbial enzymes‘on a 1.0 per cent pectin (8.0 per cent methoxyl) solution after 68 hr at 30 C. 
othe “4+ = Very strongly active; 3+ = strongly active; 2+ = moderately active; + = weakly active; 0 = nonpectolytic. 
All values corrected by controlled readings. 
robes, * No test. 


aes sal ' Values form the activity range (highest and lowest) for the group. 





The action of the enzymes elaborated by the various 
organisms is given in table 1. The values given for the 
fungi enzyme tests are averaged values from at least two 
readings, while the values from the bacterial and yeast 
tests form the range of values (highest and lowest) for 
the particular groups. 


DISCUSSION 


The use of a rapid screening medium, such as the 
sodium polypectate gel, for the detection of pectolytic 
organisms has a number of drawbacks in a study of 
microorganisms capable of salt-stock softening. The 
first and most important of these is the failure of this 
type of test to indicate whether organisms isolated have 
the ability to hydrolyze pectic substances under the 
conditions of normal fermentation. Another problem 
with such a procedure is the specificity of the medium. 
The compound, sodium polypectate, is degraded by 
enzymes of the polygalacturonase group and an organ- 
ism hydrolyzing the glycosidic linkages of this com- 
pound might be unable to attack pectin or parent 
protopectin of the cucumber because of the absence of 
the de-esterifving enzyme, pectinesterase. Polymethy]- 
galacturonase will, of course, degrade pectin without 
this enzyme (Demain and Phaff, 1957). Thus, an organ- 
ism giving positive results for pectolytic activity on this 
medium would not responsible for 
cucumber softening under commercial conditions. 


necessarily be 


The approximate method of enumeration employed 
in this work indicates that the fungal populations of the 
commercial vats tested were very low in comparison 
to other types of organisms. Only 15 filamentous fungi 
were obtained in 1958 and 41 in 1959 from brines of the 
test vats and there appears to be a relationship between 
the numbers observed and the lack of softening (Hamil- 
ton and Johnston, 1961). 

The results of the simulated brine tests show that the 
bacteria and yeasts, although pectolytic on the sodium 
polypectate gel, were unable to produce any type of 
activity under the experimental conditions. This lack of 
pectolytic activity included the control series (test 
IV) which would appear to indicate that the enzymes 
of these cultures were not specific for pectin and require 
a lower polyuronide before action can be detected. 

All the readings obtained from the bacterial and 
yeast tests were negative for activity under the condi- 
tions of the experiment and the lack of pectinesterase 
activity by the yeast is surprising in view of the results 
obtained by Etchells and Bell (1950) and Bell and 
Etchells (1956) indicating the de-esterification of pectin 
by both surface and subsurface cultures. Thus, it would 
appear that veasts are not highly active under commer- 
cial conditions with respect to pectinesterase elabora- 
tion. 

The fungi, on the other hand, were found to be much 
mere active under the experimental conditions. Al- 
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though the enzyme tests were organized on a qualit: tive 
basis, some evidence of a quantitative nature ci; be 
gained from the data despite a crude method of ino ula- 
tion. All the values for the fungi were obtaine| jn 
duplicate, and in some cases, the readings obt:ined 
were the average of as many as 14 tests with the same 
species. No comparison with previous work by Etchells 
and co-workers (1958) is possible as the values obtained 
in that work were based on the activity of fungal 
filtrates after 14 days growth as compared to 3 days 
growth in this work. 

Test IV, the control series, indicated that the fungi 
were capable of producing pectolytic enzymes in the 
presence of pectin. No effort was made to determine 
whether pectin was required for the formation of these 
enzymes (adaptive) or that they were formed regardless 
of the substrate (constitutive). 

With reference to the polygalacturonase test, the 
results indicate that the majority of the filamentous 
fungi produced an enzyme or a group of enzymes 
which resemble polygalacturonase by their action on 
sodium polypectate. With the exception of species of 
Cephalosporium, Fusarium, and Pullularia, the results 
indicate that the majority of the test fungi were at 
least moderately active under the experimental condi- 
tions. In addition, most of the readings show that the 
addition of 6.0 per cent salt in test I was detrimental 
to the elaboration of this enzyme when compared to 
the control (test IV) results. 

Species of Alternaria were found to be moderately 
active at pH 5.3 and 6.0 per cent salt. The activity of 
this group was severely curtailed at pH 4.0 and 9.0 per 
cent sodium chloride (test IT) and inactive when grown 
at pH 3.4 and 12.8 per cent salt. 

The Aspergillus group was more variable. Aspergillus 
flavus showed negligible to weak activity at the lower 
concentrations, although some increase was noticed in 
test II. On the other hand, Aspergillus niger showed very 
high activity in all three tests. In fact, as the salt and 
acid were increased the enzyme activity appeared to in- 
crease in a similar manner. Aspergillus sydowit was shown 
to increase at higher concentrations also, while A spergil- 
lus fumigatus decreased in activity with increases in salt 
and acid. 

Of the three species of Cephalosporium tested, only 
Cephalosporium roseo-griseum was found to show mod- 
erate activity in tests I and II followed by negligible 
readings at pH 3.4 and 12.8 per cent salt. 

The genera, Epicoceum and Pullularia, showed mod- 
erate to weak activity under the simulated vat conditions 
despite very high readings in the control tests. 

With the exception of Fusarium culmorum and 
Fusarium nivale, the genus Fusarium showed very 
little activity and would appear to be a poor source of 
polygalacturonase activity under vat conditions. How- 
ever. Etchells and co-workers (1958) found that this 
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genus Was one of the most frequently isolated of all the 
fungi they studied. In addition, they considered it to 
be a highly important source of pectolytic enzyme 
actin ity. 

The genera, Hormodendrum, Monilia, and Hormis- 
cium, Were shown to produce more activity at pH 4.0 
and 9.0 per cent salt than in test I and although they 
were moderate to strongly active in test II their ac- 
tivity was severely limited in test ITT. 

Species of Penicillium generally were found to be 
highly pectolytic and only Penicillium miczynskii demon- 
strated weak to negative activity. Here again, the 
activity of this group increased at pH 4.0 and 9.0% 
salt followed by negligible results in test IIT. 

Of all the fungi tested only A. niger and to a lesser 
extent A. sydowi were found to withstand the extreme 
environmental conditions of test IIT. 

The polymethylgalacturonase enzyme test gave re- 
sults similar to the PG tests, although no comparison 
is possible because of the faster action of the poly- 
galacturonases. The pectolytic enzymes produced by 
the fungi were able to degrade pectin without the aid 
of pectinesterase as shown by the negative results in 
the PE test series. Thus, the fungi appear to elaborate 
either two separate enzyme systems for the hydrolysis 
of pectin and pectic acid, or one enzyme system capable 
of attacking both substrates. It has been generally 
concluded, however, that filamentous fungi do elaborate 
a number of pectolytic enzymes and it is possible that 
action detected in the PG tests and PMG tests were the 
results of at least two separate enzymes (Demain and 
Phaff, 1957). 

In summary, it can be concluded that species of 
Alternaria, Aspergillus, Hormodendrum, and Penicil- 
lium are potent sources of pectolytic enzymes and could 
be implicated in cucumber softening. The softening of 
cucumbers by these genera would, of course, depend on 
the initial population present in the brine and the rate 
of pectolytie enzyme production. 

It is obvious from this work that the bacteria and 
yeasts normally found in cucumber salt-stock brines 
were not sources of pectolytic enzymes under simulated 
vat conditions. This information, added to the long 
list of similar evidence by other workers, would appear 
to eliminate the bacteria and yeasts as sources of 
pectolytic softening of cucumbers under commercial 
salt-stock conditions. 

On the other hand, the filamentous fungi isolated 
from the salt-stock brines were found to elaborate 
enzymes similar to polygalacturonase and polymethyl- 
galacturonase, but were not observed to produce 
pectinesterase. Thus, the fungi are logical sources of 
pectolytie softening, but more work would have to be 
done to establish the numbers required and the environ- 
mental conditions promoting softening under commer- 
cial vat conditions. Also, the possibility exists that the 
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cucumber and its accessory parts are sources of pectoly- 
tic enzymes. In this regard, it might be deduced, since 
none of the pure cultures studied elaborated pectines- 
terase and since this enzyme was detected in the com- 
mercial brines (Hamilton and Johnston, 1961), that the 
cucumber is responsible for the elaboration of this 
enzyme. This would confirm the opinion of Bell, 
Etchells, and Jones (1951), who found the cucumber to 
be a source of pectinesterase. Further, the results of 
the commercial brine studies indicate that the pectines- 
terase activity increases with a decrease in the size of 
the cucumber, which would appear to confirm the 
implication of the cucumber in this respect. It is also 
possible that some polygalacturonase activity of com- 
mercial brines might originate with the cucumber as 
high PG readings were detected with the small sized 
cucumbers (Hamilton and Johnston, 1961). 
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SUMMARY 


Ninety-nine gram positive, sporeforming bacteria, 
presumably belonging to the genus Bacillus, and 15 
yeast cultures, isolated from commercial cucumber 
salt-stock brines, were unable to produce pectolytic 
enzymes under simulated commercial conditions, al- 
though they had the ability to hydrolyze sodium 
polypectate gel. 

Species belonging to 10 genera of filamentous fungi 
were found to be moderate to highly pectolytic when 
tested under the same conditions. The fungi produced 
enzymes resembling polygalacturonase and _ poly- 
methylgalacturonase, but did not produce pectin- 
esterase. 

Reference was made to the incidence of pectinesterase 
in commercial vats, although the enzyme was not de- 
tected in the pure culture study. This would seem to 
implicate the cucumber as the source of this enzyme. 
It was concluded that both the cucumber and filamen- 
tous fungi could be responsible for pectolytic softening 
under commercial salt-stock conditions. 
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Sterilization of a fermentation medium is usually 
accomplished in a cycle that includes heating the me- 
dium to some prescribed so-called sterilization tempera- 
ture, holding it there for a specified period of time, and 
cooling it to process temperature. The productive 
capacity of most media is adversely affected by pro- 
longed heating due to degradation of some nutrients 
or the production of substances which are toxic to the 
microorganisms used in the subsequent fermentations. 
In many cases, therefore, media sterilization presents 
two incompatible objectives. On the one hand, it is 
desired to maximize contaminant destruction, while on 
the other, damage to the nutrient quality of the medium 
must be minimized. 


1 Presented before the Division of Agricultural and Food 
Chemistry, 136th Meeting, American Chemical Society, At- 
lantic City, New Jersey, September 17, 1959. 

2? Present address: Industrial Biochemicals, Inc., Edison, 
New Jersey. 


Although continuous sterilization offers inherent 
advantages with regard to the objectives of a steriliza- 
tion operation, very little work has been published 
describing in just what manner these objectives can be 
optimized, or even translated in process scale-up. 
Design is based largely on achieving satisfactory con- 
taminant destruction with little concern other than one 
of conveniently trying to minimize the heat exposure. 
Contaminant destruction calculations can be carried 
out quantitatively but damage to nutrient quality has 
usually been examined only in a qualitative light. The 
same remarks, of course, also apply to batch sterilization. 

This paper briefly examines quantitative changes in 
both contaminant destruction and damage to nutrient 
quality in a medium as scale of operation is changed. A 
quantitative basis for nutrient quality damage rests 
on the fact that adverse changes which occur in the 
medium during sterilization are chemical reaction: 
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which in many cases can be described kinetically by 
chemical reaction rate equations. Based on chemical 
observations a quality criterion can be defined. This 
criterion is analogous to the sterilization criterion 
described by Deindoerfer and Humphrey (1959), since 
it characterizes nutrient quality destruction in the same 
manner in which the sterilization criterion characterizes 
contaminant destruction. Reproducibility of process 
yields in sealing-up depends upon the proper assessment 
and translation of both of these criteria. The use of a 
simple graphical method employing a process perform- 
ance chart, which characterizes these criteria as func- 
tions of the sterilization conditions, is suggested. 


Considerations in Scaling-Up 


In any sterilization, the initial total number of 
viable spores is equal to (| V where C; is the viable spore 
concentration in the raw medium and V is the volume 
of the raw medium. Although sterility is an absolute 
condition, it should be clearly evident that its approach 
as accomplished by heat treatment is a probabalistic 
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one. The chance of successful attainment of an absolutely 
sterile condition depends on how small a finite number 
of spores remain viable after sterilization. By design 
this number is set equal to P where P is the probability 
of a single spore in volume V surviving the heat treat- 
ment. Thus, if there is to be a chance of 1 in 100 of the 
sterilization failing, P would be equal to 0.01. The steri- 
lization criterion can then be written 


V=InC,V/P (1) 


It should be recognized that the least number of viable 
spores necessary to contaminate any quantity of me- 
dium, regardless of its volume, is 1. If the same chance 
of successful attainment of absolute sterility is to be 
maintained as larger volumes are sterilized, the severity 
of the heat treatment must be increased. This is prob- 
ably the most over-looked point in sterilization scale-up! 
The achievement of a similarly sterile condition, there- 
fore, is scale dependent. For every 10-fold increase in 
operational scale, the sterilization criterion must be 
increased by 2.3. Sterilization similarity for a given 
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Figure 1. Effect of sterilization time on streptomycin yield 
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medium, then, is represented by the following expres- 
sion, Where subscripts L and S refer to large and small 
scale, respectively. 


Vi = Vs + In V,/Vs (2) 
The Nutrient Quality Criterion 


In fermentation processes where yield is insensitive 
to the sterilization operation, obviously only one simi- 
larity condition, namely, that of a similarly sterile 
condition, is necessary for scale-up. In many processes, 
however, heat. treatment of the medium has a marked 
effect on process yield. In these cases an additional 
condition must be satisfied, namely, similarity in the 
nutritive quality of the medium. 
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Two examples of reduced process yields due 0 the 


effects of prolonged heat treatment during sterilisation 
are illustrated in figures 1 and 2. The first figure <hows 
the effect of prolonged heating on streptomycin y eld as 
determined by W. H. Bartholomew and E. O. \Xarow 


(Personal Communication, 1959) during some very 
early investigations of the streptomycin fermen ation 
process. The original soybean meal medium in which 
strain comparisons were carried out apparently de. 
graded only slowly on prolonged sterilization. The pro- 
ductive capacity of an improved medium in which a 
higher producing mutant strain was tested, on the 
other hand, was greatly decreased by excessive sterili- 
zation. An interesting observation to make is that in 
batch 


sterilizations carried out in large fermentors, 
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Effect of sterilization time on riboflavin yield 
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where long heating and cooling portions of the steriliza- 
tion cyele occur, the improved medium will not show 
its full potential and, very likely, will not be any better 
than the original medium. Thus, its value could very 
well go undetected. This is an ideal situation in which 
toemploy continuous sterilization. 

Figure 2 illustrates the deleterious effect of long 
sterilization on riboflavin yield as reported by Tanner, 
Vojnovich, and Van Lanen (1949). The two curves 
show clearly that yield is reduced considerably after 
30 min of heat exposure. This is usually the time 
employed in most batch sterilizations for media of the 
type used in the riboflavin fermentation. Notice the 
maximal and minimal plateaus and the intermediate 
transition range. The shapes of these curves lend strong 
support to the idea of destruction of an essential nu- 
trient, and attention will be called to them again later. 

A number of undesirable chemical changes in nu- 
trient medium during heat treatment have been iden- 
tified. They are mostly reactions that are either 
bimolecular where one species is in large excess, for 
example, the reactions of certain amino acids with 
sugars; or monomolecular, such as the degradation of 
vitamins and other essential growth factors. The reac- 
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Figure 3. Effect of several growth factors on yeast yield 
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tions in these cases approximate first order kinetics, 
and the equations such as developed for expressing the 
sterilization criterion can also be used for calculating 
nutrient degradation. 

The dependence of yield on nutrient is not always a 
simple one, but it is quite evident. Figure 3 for example, 
illustrates the dependence of ultimate yeast yields on 
various heat labile growth factors as demonstrated by 
White (1954). Three characteristics should be noticed 
in each plot. There is a minimal yield value or minimal 
process performance corresponding to no growth factor. 
There is a maximal concentration above which there is 
no further improvement in performance. In the range 
below the maximum, or critical concentration, perform- 
ance varies widely with concentration. Now, recall the 
riboflavin medium sterilization data shown in figure 2. 
On prolonged heating, growth factors such as these are 
destroyed almost completely, resulting in a minimal 
yield. For short sterilization, however, yield was rela- 
tively insensitive, indicating that the concentrations 
of various essential growth factors remain above their 
critical levels. For an intermediate period of time, there 
is a large change in yield as the concentration of growth 
factors is reduced from critical to minimal levels. 
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Comparison of Sterilization and Nutrient Quality 
Criteria 
The molecular involved in unde- 


sirable chemical reactions are thermodynamically more 


rearrangements 


easily accomplished than thermal destruction of spores. 
This means that the ratio of the rates of chemical deg- 
radation as compared to those for spore destruction 
decrease with increased temperature. 

Another important difference lies in the fact that the 
sterilization criterion depends on the number of sur- 
Viving spores, 7.e., the value assigned to P in equation 
(1), for a particular volume. It is, therefore, scale de- 
pendent. The nutrient quality criterion, A, on the other 
hand, depends on the poststerilization concentration of 
an essential nutrient. 


A= C/G (3) 


Here C, and C, are the pre- and poststerilization concen- 
trations of essential nutrient. No volume factor appears 
in this equation and thus, the nutrient quality criterion 
is independent of scale. 


Scale-up Method 


For proper scale-up of a sterilization operation where 
process yield varies with sterilization conditions, it is 
necessary that both sterilization and quality similarity 
must be maintained. 

Figure 4 shows a process performance chart for a 
hypothetical sterilization carried out in a steam injec- 
tor, flash cooler sterilizer. The basic concept of this chart 


Increase in Cay 
and Increase in 
Yield in Transition 
Range 


Minimum Yield Region 








In ty Logarithm of Sterilization Time 


Safe Operating Region 
/~. 
7 “Increase in Scale and 9 
/ 
/ 


tT? Reciprocal Temperature , °R 
Figure 4. Process performance chart for use in scaling-up a 


sterilization operation. 








/ 

™ ~ 
/ 

| 





FP. H. DEINDOERFER AND A. E. HUMPHERY OL. § 


stems from the thermal process charts sometime. used 
in the food industry, first suggested for use in fern enta. 






~s 


tion studies by Finn (1953). Although overly simplified 
in this example, the chart illustrates some very im. 
portant points concerning sterilization scale-up. 

Two sets or families of lines appear on the chart. 
Each line in the steeper sloped set represents a locus of 
sterilization conditions which yield the same steriliza- 
tion end point, 7.e., the severity of the heat treatment 
from a sterilization point of view is identical along any 
one line. It has already been shown that as scale of 
operation increases, the severity of the heat treatment 
must increase if the same sterilization end point is 
desired. An increase in scale, and thus sterilization 
severity, is indicated by the direction of the dashed 
arrow in the lower left hand portion of the chart. 

The second set of lines represent the loci of steriliza- 
tion conditions which result in various poststerilization 
concentrations of an essential nutrient. As this concen- 
tration is maintained at higher levels, within certain 
limits, as shown by the dashed arrow in the upper right 
hand portion of the chart, an increase in process yield 
is achieved. These lines represent, in essence, constant 
process performance lines. The two broken lines in this 
set signify two important limits. The upper line is the 
yield corresponding to a negligible amount of essential 
nutrient. The lower one represents the yield corre- 
sponding to the critical nutrient concentration, above 
which no further increase in yield can be expected. 
These are the minimal and maximal process perform- 
ance lines, in so far as yield is affected by sterilization. 

The maximal and minimal lines divide the chart into 
three regions. The upper region is the minimal yield 
region. An arbitrary change in scale in this region has 
no effect on process yield because the quality of the 
medium has been completely degraded. The lower 
region is the safe operating region. A change in scale 
here again has no effect on process yield, as fortunately 
the critical essential nutrient concentration is exceeded 
at all times so that the maximal process yield is always 
attainable. In the transition range between these lines, 
however, it is seen that performance can be affected by 
an indiscriminate scale-up. 

Examining the point in the transition region from 
which a move is indicated in three directions, it is 


shown that an increase in either time, or temperature, 


will result in a decreased yield. However, moving along 
a constant yield line assures a reproducible process. 
This brings to light an important corollary: in 
scaling-up a sterilization operation, sterilization time 
should be decreased and _ sterilization temperature 
increased. Only in this way can similar process perform- 
ance be achieved. 


All sterilizations, of course, are not treated as simply 
as one in a steam injector, flash cooler sterilizer from the 
design viewpoint. In other types of equipment. the 
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heating and cooling portions of a sterilization cycle 
must be taken into account. Also, sterilization of most 
jrmentation media undoubtedly causes a number of 
udesirable chemical changes, and sometimes even 
peneficial ones, and usually involves more than one 
essential nutrient. A proper experimental examination 
of the time-temperature effects on process yield should, 
the 
performance chart for any process with a function of 
temperature as the 
and a function of so-called sterilization tem- 


nevertheless, permit construction of a process 


time at so-called sterilization 


ordinate 
perature as the abscissa. The loci of the two similarity 


criteria in such situations would be curved lines. 


Interpretation of the chart would be no different, 
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however, than for the simple case outlined, and useful 
scale-up information would be provided. 
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In the natural fermentation of brined cucumbers a 
part of the subsurface microbial activity is due to 
yeasts. Active growth by these organisms in commercial 
cucumber brines was first reported in 1941 (Etchells). 
Subsequent work on this phase of the fermentation has 
included studies directed toward establishing the iden- 
tity of the individual species comprising the total yeast 
population in brines. Information of this type has been 
reported for two major cucumber brining areas in the 
country—northern and southern (Etchells and Bell, 
1950; Etchells, Costilow, and Bell, 1952). The findings 
of these two studies, based on the identity of nearly 1900 
cultures of yeasts isolated from brines during various 
stages of fermentation, revealed that the pattern for 
the principal yeast species in brines from both brining 
areas was very similar. Seven of the nine species found 
were obtained from both northern and southern brines. 

During the brining seasons of 1954, 1955, and 1956 
we had an opportunity to extend that portion of the 
work related to the southern brining areas while 
studying the microbial flora in experimental cucumber 
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brines to which sorbic acid (2,4-hexadienoic acid) or 
its sodium salt had been added. This fungistat was 
introduced into the brine in an attempt to control 
yeasts and thus prevent the formation of ‘‘bloaters”’ 
(hollow cucumbers) caused by gaseous fermentation 
(Jones et al., 1941). A number of yeasts were isolated 
from brines both with and without sorbic acid. It is 
our purpose in this paper to list the species isolated 
under the various experimental conditions used and to 
compare these findings with those previously reported 
from this laboratory. 


MATERIALS AND METHODS 


The cucumbers were brined in wooden vats each 
containing approximately 30 bushels of freshly har- 
vested no. 3 size Model variety pickling stock. The vats 
were unsheltered and located under outside conditions 
at a commercial pickling plant in eastern North Caro- 
lina. Each vat, after being filled with cucumbers, 
representing a composite of the stock from two or more 
receiving stations, was fitted with a false, wooden 
head and salt brine of the desired concentration added 
to a level of a few inches above the head. Next, dry 
salt, in appropriate amounts, was added on the false 
head to maintain the desired initial brine concentration 
which otherwise would become diluted by the water 
content of the cucumbers. Sorbie acid or sodium sorbate 
was added to give the desired concentration by weight 
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on the basis of the total content of vat; namely, the 
weight of cucumbers plus the weight of the water in the 
brine. Brine temperatures during the active fermenta- 
tion period were in the range of 25 to 30 C. 

During the three brining seasons (1954 to 1956), 
718 yeast cultures were obtained from 60 experimental 
fermentations, 35 of which contained sorbic acid. 
Information on the source of these cultures with respect 
to the various brining treatments employed during the 
3-year period, together with details on the rate of 
increase of the initial brine strength for each treatment, 
is given in table 1. Also, a general picture with respect 
to yeast activity in the brining treatments examined 
during the investigation is included in this table. 

The brine samples were collected, plated, and counted 
according to the methods previously described by 
Etchells and Jones (1946) and revised by Etchells and 
Bell (1950). The methods and classification systems 
employed for the 718 isolates were essentially those of 
the Dutch workers Lodder and Kreger-van Rij (1952); 
the earlier work by Stelling-Dekker (1931) was followed 
in some instances. The classification system of Wicker- 
ham (1951) was used for the genus Hansenula. Certain 
other techniques employed in connection with the 
taxonomic and isolation procedures have been fully 
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described before (Etchells and Bell, 1950; 1 \chells 
Costilow, and Bell, 1952). 
RESULTS 
The experimental conditions used in each of thp 
three brining seasons and their effects on thc meay 
yeast populations are summarized in table 1. 1 1954. 


the yeast population in control brines at 15.8 per cen 
dropped considerably as compared to the lower sa; 
treatment of 11.9 per cent. No such difference in popu. 
lation density was noted between control brines cop. 
taining 9.2 and 11.9 per cent salt. In the presence of 
0.10 per cent sorbic acid, yeast growth was «almos 
entirely suppressed at all the brine strengths used. 

Comparable results were obtained in 1955, where only 
one brine strength was used and three concentrations 
of sorbic acid, namely 0.025, 0.05, and 0.10 per cent 
The mean population of the controls was much les 
than in the preceding season, but the strong inhibitory 
effect of sorbic acid was still evident. Even the lowes 
concentration of sorbic acid kept the yeast. population 
to less than 1000 per ml of brine. 

In 1956, 0.025 per cent sorbic acid again effectively 
controlled the development of yeasts. The low yeast 
populations in control vats can probably be attributed 
to lack of brine nutrients since a vigorous lactic fermen- 


TABLE 1 
Origin of 718 yeast isolates from 826 brine samples obtained from 60 cucumber fermentations located in eastern North 
Carolina (1954 to 1956 brining seasons) 


Brining Treatment* 


Season 

Rae eee Initial salt concentration of 
cover brine 
ul w/ 
1954 4 35 9.2 
} 35 9.2 
2 45 11.9 
2 45 11.9 
1 66 15.8 
1 60 15.8 
1955 8 35 9.2 
8 35 9.2 
Ss 35 9.2 
2 35 9.2 
1956 10 17 1.5 
10 17 4.5 
Total 60 


5° salometer (1° sal = 


Sorbic acid 
addedt 


0 


0). 


0 


Q). 


0 


0. 


0) 
0 
0 
0 


0) 
0 


Yeast Populations in Brine 


Yeast Isolates 
Obtained§ 


Range Mean 
Q per ml per ml no 
13 ,000-10,000 ,000 1,250,000 S4 
10 1-100 54 30 
23 ,000-1 ,950 ,000 1,550,000 32 
10 2-40 15 16 
126 ,6C0-1 , 200 ,000 350 ,000 15 
16 20-300 275 9 
10-2 , 160 ,000 190 ,000 159 
.025 10-8 ,000 920 66 
.05 10-4 , 100 305 18 
.10 10-200 105 2 
250-225 ,COO 59,000 135 
.025 12-7 ,600 1,380 152 
718 


* The 9.2 and 11.9 per cent salt brine treatments were maintained at those concentrations for the first week and then increas 
0.264 per cent salt) per week to 60° sal; the 15.8 per cent treatment was maintained at that concentratio! 


throughout; the 4.5°% treatment was maintained at that concentration for 10 days then raised 10° sal per week to 60° sal. 


+ The vats were located outside, unsheltered, and each contained approximately 30 bushels of no. 3 size (from 114 to 2 in. diam: 


eter) Model variety cucumbers. 
+ 


t During 1955 and 1956 seasons, sodium sorbate was added to give an equivalent amount of sorbic acid. 
§ Fermentation period covered by isolations: 1954, 19 to 112 days; 1955, 0 to 48 days; 1956, 10 hr to 60 days. 
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Brettano 
B. vers 
Candida 
C, gui 
C. kru 
C. par 
C. tro] 
Debaryo! 
D. glo 
D. klo 
D. nic 
Hansent 
H. val 
Hanseni 
H. an 
H. sul 
Kloecke: 
K. ap 
Pichia 
P. po 
Rhodoto 
R. fla 
R. gh 
Rhode 
Sacchar 
S. cer 
S. ele 
S. ex 
S. me 
S. ro 
Toruloj 
T. ca 
T. ca 
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‘ation took place at this weak brine strength (4.5 per individual treatments during the first two seasons have 


ent salt) prior to development of the yeast population. been combined for each year and presented on a sea- 
The effect of brine strength and of sorbic acid on the sonal basis. This was done because, with one or two 
wmposition of the yeast flora during the 1954, 1955, exceptions noted in the text, the findings were wholly 
of the and 1956 seasons is shown in table 2. The results for comparable. Of the 133 isolates obtained from control 
hi mea), 
Thi 1954, TABLE 2 
per cent Classification of 718 yeast isolates obtained from cucumber fermentations with and without sorbic acid (SA) during three 
WET salt brining seasons 
I popu. : . : Presence (+) or Absence 
ines con. Isolates Obtained from Fermentations (—) of Species in 


Seuce of — ——— eae = 


Yeast 1954 Season 1955 Season 1956 Season 
s almost = ————— — ——| | Total Control SA brines 
ed. eg SA brines —— SA brines ng SA brines en ae 
here onl ei awe es pu eee nee, | cs eens Deane 
nti thie: no. no. no, no, no. no. no. 
per cent, Brettanomyces 
wuch les: B serene... .3. eases 51 8 61 1 0 0 121 + + 
ma Candida 
nhibitory C, guilliermondiz. . 0 0 0 0 1 1 2 =o = 
1e lowest BC. krusei*............. os 0 0 0 98 104 202 + + 
ypulation BC. parapsilosis..... 0 0 4 3 0 0 7 + + 
(. tropicalis.... : 0 0 0 8 16 34 58 ss = 
Tatianly fe Debaryomyces 
pectoral D. globosus..... ; 0 0 1 0 0 0 1 + 
W Yeast BD. kloeckera..... ss 0 12 0 0 |] oO 0 12 _ + 
ttributed Bp. nicotianae* ies 0 0 0 2 | 0 0 2 — + 
‘ fermen- § Hanseniaspora | 
H. valbyensis... cre 0 0 1 1 9 2 13 + + 
Hansenula | 
H. anomala.... : 0 1 15 2 0 0 18 a ao 
H. subpelliculosa*. . bah 17 5 37 2 Om | 0 61 = + 
‘th Kloeckera 
K. apiculata*.... oa 0 0 0 1 | 5 2 | 8 | + = 
Pichia | | 
re pete P. polymorpha 0 0 0 0 0 | 1 | ] - + 
Ybtained§ Rhodotorula 
A a 0 0 0 QO | 0 i 1 = Sa 
R. glutinis . : 0 0 7 11 oO» | 0 187 — —- 
+5 Rhodotorula sp...... 0 0 1 0 | 0 | 0 | 1 + rs 
’ Saccharomyces 
~ S. cerevisiae.......... a 0 0 0 1 3 4 + + 
se S. elegans*..... Cee i a 10 1 9 0 0 21 oe F 
16 S. eriguus......... rs 0 0 5 0 0 0] 68 + - 
: S. mellis.......... ce vee 0 0 5 25 0 | 0 30 ~ + 
. a me 1 r§ 14 8 0 0 30 a oe 
ma i . Torulopsis 
i VY’. condtda......... el 0 0 0 3 0 0 3 = =F 
oO T. caroliniana* ; : 50 9 0 0 0 0 59 + + 
ps T. famata........ 0 0 0 3 0 0 3 _ +. 
ij T’. glabrata....... 5 8 0 1 1 5 4 19 — + 
ae T. gropengiesseri...... 0 0 2 3 0 0 5 + + 
= T. magnoliae........... 0 0 0 1 0 0 1 = + 
15 T. molischiana..... 0 0 3 0 0 0 3 + — 
Porulopere BD.-.........- ae 3 3 1 2 0 0 9 + = 
718 ia ; 7 ae Ee eee ee , . 
increas SUC) a : ane 131 55 159 86 135 152 
centratio! = : : ae ne ae Ce ae i 
ul. TS | hh eae 186 245 287 718 
in. dian : - —- - — —————$—$—$——— Se 
* Species previously found in the subsurface yeast flora of cucumber brines (Costilow and Fabian, 1953; Etchells and Bell, 1950; 
Etchells et al., 1952, 1953). 
t Only two isolates—both Rhodotorula glutinis—were obtained from the fermentations in 1955 containing 0.10 per cent sorbic 
acid; these are included in the total for this species. 
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brines in 1954, 118 were placed in 3 species; Torulopsis 
caroliniana (50 isolates), Brettanomyces versatilis (51), 
and Hansenula subpelliculosa (17). The remaining 15 
isolates comprised 14 cultures representing 4 other 
species (all isolated from the 9.2 per cent brines). Es- 
sentially the same group of yeasts was isolated from 
fermentations containing 0.10 per cent sorbic acid. 
However, the isolates from sorbic acid vats were not 
predominantly of any one species or group of species, 
but were distributed fairly evenly through 8 species. 
The 12 isolates of Debaryomyces kloeckera all came from 
sorbic acid treated brines. 

The fermentations examined during the 1955 season 
yielded a much broader spectrum of species of yeasts 
than did the 1954 brines (table 2). A total of 241 cul- 
tures representing 20 species in 9 genera were identified. 
Four other cultures were identified as to genus only. 
Fourteen of the species were found in the control vats, 
and namely exiguus (5 
isolates) and Debaryomyces globosus (1), were obtained 
from control vats only. Six species represented by 18 
isolates were found only in vats containing sorbic acid. 
The two species isolated with greatest frequency from 
control vats, 7.e., B. versatilis (61 isolates) and H. 
subpelliculosa (37), were almost entirely absent from 
fermentations containing sorbic acid. Only one culture 
of the former species and two of the latter were re- 
covered from sorbic acid brines and only at the lowest 
concentration used. 7’. caroliniana was strangely absent 
from all fermentations even though conditions appeared 
to be essentially the same as for the 1954 season where 
it was isolated from all brining treatments. 

The dominant species found during the 1954 and 
1955 seasons appeared to be much the same regardless 
of the salt concentrations employed. However, the 
addition of sorbic acid altered the picture markedly as 
noted for B. versatilis and H. subpelliculosa in the 1955 
season. 


2 species, Saccharomyces 


The experiments during the 1956 season were carried 
out at the relatively low brine strength of 4.5 per cent 
salt. Studies on the composition of the subsurface 
yeast flora from fermenting cucumber brines in this 
general range of salt concentration have not been 
reported heretofore. It is of interest, therefore, to note 
that the predominant yeasts were not the same as those 
observed in the two preceding seasons. 

Two species of Candida, namely, Candida krusei and 
Candida tropicalis, dominated the fermentation (table 
2) and comprised 252 of the 287 isolates obtained in 
1956. Each species was recovered about as frequently 
from the sorbic acid treated brines as it was from the 
control brines. Of the seven additional species isolated, 
five were obtained from both the control brines and 
those containing sorbic acid; single isolates of two 
sorbic acid brines. The two 
predominating species found (C. krusei and C. tropicalis) 


species came only from 
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might normally be considered pait of the surfac:: yeay 
flora responsible for film formation on low salt « ontey 
cucumber brines sheltered from direct sunlight. Hoy. 
ever, in the present instance the vats were in the ope 
and the brine surface in each case was completely free 
of film yeast development. Thus, the princip:! sub. 
surface yeast activity in the 4.5 per cent brines, espe. 
cially the controls, must be attributed to these tyy 
species of Candida. 

It is apparent from the yeast populations shown jy 
table 1 that the addition of sorbic acid to brines drasti- 
cally suppressed but did not eliminate these organisms 
These findings are in general agreement with those of 
Costilow et al. (1957), and particularly so for that 
portion of their work (1954 season) in which the sorbic 
acid added to brines was calculated on a basis compara. 
ble to that given in the present study. 

Summarized results presented in table 2 denoting 
presence or absence of individual species in control and 
sorbic acid treated brines demonstrated that the pat. 
tern of species occurrence under both conditions (with 
or without sorbic acid) can be most similar. Of the 2 
species listed, 17 were obtained from both control and 
sorbic acid brines; 3 species were obtained only fron 
control brines; and 7 species were obtained only from 
sorbic acid treated brines. Four of the seven species in 
the latter category were represented by single isolations 
two other species were represented by only three isolate: 
ach. Among the three yeast species found only in thi 
control brines, one species was represented by a singl 
isolate, another by three isolates and the third by five 
isolates. Further study undoubtedly would show that 
many of the species obtained exclusively in the absence 
or presence of sorbic acid could be obtained from the 
opposite conditions. For example, Torulopsis glabrata, 
isolated only from control vats in 1954, was obtained 
from both control and sorbie acid brines in 1955 and 
1956. 

Eight. of the 27 species listed in table 2 have bee 
denoted as having been previously reported as occurring 
in the subsurface yeast flora of commercial cucumber 
brines. The remaining 19 species listed are those which 
have not been previously reported, to our knowledge, 
from cucumber fermentations. 


DIscUSSION 


During the past 10 years, identification studies have 
been made on almost 3000 cultures of yeasts isolated 
from commercial cucumber fermentations located i 
the principal brining areas of the country—northern. 
northwestern, and southern (Etchells and Bell, 1950: 
Etchells et al., 1952; Costilow and Fabian, 1953; 
Etchells, Bell, Lewis, and Ijichi, 1956, Unpublished 
Experiments). After a review of the taxonomic finding 
cited above and in the present report, it become: 
evident that certain genera and species appear 
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face yeayffjominate the subsurface yeast phase of commercial 
wecumber fermentations with initial brine strengths of 
7to 10 per cent salt and raised gradually to 16 per cent. 
furthermore, their pattern of occurrence in brines 
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jom different areas of the country may be very similar 
athough not necessarily identical. It seems likely that 
the following 10 species, listed in the approximate order 
of their frequency of occurrence, might be expected to 
be isolated from the active fermentation and subsequent 
sorage period of commercially brined cucumbers: 
Brettanomyces versatilis, Hansenula subpelliculosa, Toru- 
lpsis caroliniana, Torulopsis holmai, Saccharomyces 
rosei, Saccharomyces halomembranis, Saccharomyces ele- 
Jans, Saccharomyces Brettanomyces 
sphaericus, and Hansenula anomala. This constitutes a 
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compari-frevision of the species pattern first proposed by Etchells 
dal. (1952). 
denoting The subsurface yeast flora of cucumber fermentations 
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at brine strengths significantly lower than those used in 
commercial practice is worth special note. It will be 
recalled that two species, C. krusei and C. tropicalis, 
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dominated the yeast flora in the weak brines examined 
during the 1956 season. We suggest that the low salt 
only frouffconcentration of the brine employed (4.5 per cent) was 
only fromthe ecological factor mainly responsible for these two 
species inf species being able to outgrow species of Brettanomyces, 
isolations FHansenula, Torulopsis, and Saccharomyces normally 
ee isolateffound in abundance at the higher brine strengths. The 
nly in the 
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relatively low salt tolerance for C. krusei has been estab- 
lished earlier (Etchells, Bell, and Jones, 1953). Also, 
rd by five this species was considered by Mrak et al. (1956) to be 
show thaifithe principal yeast present in two commercial olive 
e absencef brines during the fermentative period. The salt content 
from thefof the olive brines was maintained at 6.5 per cent 
; glabrata,§ throughout, which is well within the tolerance for good 
obtained growth by C. krusei and only slightly higher initially 
1955 andf than the 4.5 per cent brine treatment used in the current 
study. 
ave beeif There is no clear-cut explanation for the fact that 
occurringf some species were found only when sorbic acid was 
cucumberf absent, and others only when it was present. Isolation 
ose whichfof but a single culture or very few cultures of a given 
nowledge.f species under specific conditions can well be attributed 
to chance. The limiting factors for obtaining minor 
yeast species from commercial cucumber fermentations 
have been discussed before (Etchells and Bell, 1950). It 
dies have} is possible that sorbic acid, by repressing the normally 
s isolatedf dominant population, allows one to isolate the minor 
ocated inf}types which ordinarily are present but not obtainable 
northern,f by conventional procedures. The possibility that the 
ell, 1950:f distribution of such minor types may be due to their 
in, 1953:f susceptibility or resistance to sorbic acid has not been 
published 
¢ finding: 
becomes 
ippear te 


explored in the present investigation. 

However, Costilow, Ferguson, and Ray (1955) and 
Bell, Etchells, and Borg (1959) have studied the influ- 
ence of sorbic acid on the growth of a number of species 
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of yeasts previously isolated from commercial cucumber 
fermentations. Their results revealed that a considera- 
ble difference can be expected between species as to 
their growth response in the presence of sorbic acid in 
concentrations from 0.010 to 0.050 per cent. Both 
groups of workers found C. krusei to be among the 
limited number of yeast species that were most tolerant 
to sorbic acid. This may in part be responsible for the 
predominance of this species during the 1956 season in 
in the low salt content brines (4.5 per cent) containing 
sorbic acid. 

Changes in conditions of brining such as alteration of 
the brine strength can alter not only the total yeast 
population but the number of species comprising the 
population. This was demonstrated earlier under com- 
mercial conditions (Etchells and Bell, 1950) as well as 
in the present experiments. However, changing the 
brining process by use of salt alone usually influences 
the start and duration of yeast activity in brines 
(Etchells, 1941; Etchells and Jones, 1943) but has 
limited use as method for adequately controlling this 
group of organisms and the type of spoilage (bloaters) 
attributed to them (Jones et al., 1941; Etchells et al., 
1953). The use of sorbic acid effectively controlled the 
development of yeasts in the brining studies reported 
herein. However, essentially the same species survived 
in the sorbic acid treated brines as were found in the 
controls. 

It is of interest to speculate on the possibility of the 
surviving yeasts developing sufficient tolerance to 
sorbic acid to produce increasingly higher populations 
in brines over a period of several seasons. This supposi- 
tion becomes more interesting when one considers that 
the initial amount of sorbic acid added to cucumber 
brines does not remain constant but actually undergoes 
a progressive loss during the fermentation period 
(Costilow et al., 1957; Alderton and Lewis, 1958). 
Further, the rate of loss of the chemical from brine 
fermentations appears to be related to the salt concen- 
tration employed. For example, in 4.5 per cent salt 
brines containing 0.025 per cent sorbic acid at the start, 
the decrease was found to be 24, 50, 72, and 90 per 
cent after 5, 10, 30, and 60 days, respectively; however, 
in 9.2 per cent salt brines, with the same concentration 
of the chemical, the loss was more gradual, 7.e., 20, 40, 
and 60 per cent after 10, 30, and 100 days, respectively 
(Bell and Etchells, 1956, Unpublished Experiments). 
Such conditions, in time, would seem to offer ample 
opportunity for the development of a yeast flora with a 
high degree of tolerance to sorbic acid. 
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SUMMARY 


Results of a 3-year study on the influence of sorbic 
acid on populations and species of yeasts occurring in 
cucumber fermentations brined at a commercial 
pickling plant located in eastern North Carolina are 
presented. During three brining seasons (1954 to 1956), 
718 yeast isolates were obtained by frequent sampling 
of 60 experimental fermentations representing four 
brining treatments (4.5, 9.2, 11.9, and 15.8 per cent 
salt) with or without the addition of sorbic acid (0.025, 
0.050, and 0.10 per cent). 

The yeast cultures were reduced to the following 10 
genera listed in the order of frequency of isolation: 
Candida, 269 isolates (4 species); Brettanomyces, 121 
(1); Torulopsis, 102 (7); Saccharomyces, 90 (5); Hanse- 
nula, 79 (2); Rhodotorula, 20 (2); Debaryomyces, 15 (3); 
Hanseniaspora, 13 (1); Kloeckera, 8 (1); and Pichia, 
1 (1). 

The addition of sorbic acid drastically suppressed 
yeast populations in fermentations at the various brine 
concentrations employed during the investigation. 
However, the chemical did not eliminate these organ- 
isms. Furthermore, the results revealed that the pat- 
tern of species occurrence with or without sorbic acid 
can be qualitatively similar. 

The principal subsurface yeast activity in the fermen- 
tations at low brine strength (4.5 per cent salt) was 
attributed to two species of Candida, namely Candida 
kruset and Candida tropicalis. This finding represented 
a marked change in flora compared to that observed at 
substantially higher brine strengths (9.2 to 15.8 per 
cent salt) where four different yeasts—Brettanomyces 
versatilis, Hansenula subpelliculosa, Torulopsis carolin- 
tana and Saccharomyces rosei—were considered to be 
the dominant species. 
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posearch and Development 


Numerous and extensive investigations have been 
conducted on the influence of ionizing radiations on 
pure cultures of microorganisms. Various aspects of 
such research have been subject of a rather comprehen- 
sive review by Rayman and Byrne (1957). In contrast 
to pure culture studies, the present report deals with 
the influence of gamma radiation on several of the 
microbial groups present in the heterogeneous popula- 
tion that occurs naturally on freshly harvested cucum- 
ber fruit and blossoms. 


MATERIALS AND METHODS 


Collection of samples. Immature cucumber fruit, 
consisting of no. 1 size Model variety (34 to 7% in. 
diameter), in 1 to 2 bushel amounts was obtained on the 
7 sampling dates indicated (table 1) from a cucumber 
receiving and grading station located at Zebulon, 
North Carolina, about 20 miles from the laboratory. 
each sampling date, 
represented 10 cucumbers each; these were placed in 
polyethylene-cellophane laminated bags and _ heat 
sealed. Cucumber samples were collected and handled 
using aseptic precautions. The 68 individual bag sam- 
ples of cucumbers (10 per bag) averaged 123 g each, 
with an average unit (per cucumber) weight of 12.4 g. 
lruit samples were collected, bagged, and refrigerated 

4 C during the afternoon of each sampling date; 
‘irradiation treatments the 


Individual samples, prepared at 





were started following 


morning. 
Partially dried cucumber blossoms were either re- 


\ 


~ 


moved by sterile tweezers from no. 1 size fruit or ob- 
tained, using aseptic technique, from under the cucum- 
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ber grading machine. Blossom samples were collected 
twice during the season (table 1) and handled according 
to the same general procedure described for cucumber 
fruit. The 6 samples collected and prepared June 10 
consisted of 100 blossoms each; the 10 samples col- 
lected June 17 represented 25 blossoms each. The 
average sample weight for the June 10 and 17 collections 
was 2.75 g (100 blossoms) and 0.69 g (25 blossoms), 
respectively. The average unit (per blossom) weight 
was the same for samples collected on both dates, 
namely 0.0275 g. Blossom samples, after counting, 
weighing, and bagging, were stored in the refrigerator 
until irradiated. 

Irradiation of samples. The samples of cucumber fruit 
and blossoms, in sealed polyethylene bags, were ir- 
radiated at 22 to 25 C and 65 per cent relative humidity 
in a fixed cobalt-60 gamma source of 2300 curies 
‘apacity with a previously calibrated dose rate of 0.2 
megarep per hr. Samples receiving dosages from 0.05 to 
2.0 megareps (15 min to 10 hr exposure time) were 
irradiated during the day, refrigerated overnight, and 
prepared for bacteriological tests the following morning. 
Samples given the 3.0 megarep dose, requiring 15 hr 


TABLE 1 


Information on samples of cucumber material 
collected for gamma radiation studies 


Cucumber Samplings 7 

poe During 1959 I Radiation Dosages Used 
dae mw | rane in 

Fruit 6/18 6 6 0*-3.0 
6/22 14 77 0-1.0 
6/24 8 7 0Q-1.0 
6/29 9 8 0-1.5 
7/1 9 8 0-1.5 
7/6 11 9f 0-3.0 
7/9 7 9t 0-3.0 

Blossoms 6/10 6 6 0-3.0 
6/17 10 9 0-3.0 


* Control samples usually run in duplicate for each radia- 
tion experiment during the season. 

+ Samples run in duplicate at each dosage. 

¢{ Samples run in duplicate at the 0.10 megarep level. 
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exposure, were finished at night and included with the 
other samples the next day. The radiation facility used 
was located in the School of Textiles, North Carolina 
State College, and consisted of a Gammacell-220° unit. 

Preparation of samples. Cucumber fruit and blossom 
samples were prepared for bacteriological examination 
as described in detail by Etchells et al. (1958). Briefly, 
the procedure was as follows: previously weighed 
blossom samples were removed from the sealed poly- 
ethylene bags using aseptic technique, placed in steri- 
lized, stainless steel Omnimixer® blending chambers 
together with sufficient 0.85 per cent saline to make a 
final dilution of 1:10 or 1:50 depending on the sample 
weight. The mixture was then blended for 1 min at 
14,000 rpm and decimal dilutions made as desired. 
The weighed fruit samples were removed from the 
sealed bags as described for blossoms and, together with 
an equal weight of saline in 1-L flasks, were shaken by 
hand 100 times; decimal dilutions were then prepared 
from the washings. 

Cultural procedure. Population estimates were ob- 
tained for several groups of microorganisms occurring 
on irradiated and control samples of cucumber fruit and 
blossoms by use of selective media and employing 
plating, streaking and deep agar shake culture tech- 
niques, most of which have been described in detail by 
other workers. Decimal dilutions of the samples were 
examined for eight microbial groups as outlined briefly 
below. 

(1) Total aerobes were determined by streaking with 
a calibrated platinum loop (0.01 g capacity) onto 
previously poured plates of glycerol asparaginate agar 
(Conn, 1921). (2) Aerobie spores present in heated 
samples (80 C for 10 min) were enumerated by plating 
with nutrient agar (Difco).’ (3) Total anaerobes were 
estimated by culturing in the basal yeast extract 
starch bicarbonate (YESB) agar of Wynne, Schmieding, 
and Daye (1955) using the modified deep agar shake 
tubes of Miller, Garrett, and Prickett (1939). (4) Anaer- 
obic spores present in heated samples (80 ( for 10 min) 
were cultured as described for total anaerobes. (5) 
Coliform bacteria were determined by the plating or 
streaking techniques using brilliant green bile agar 
(Difco). (6) Acid-forming bacteria were estimated by 
plating with an experimental selective medium, using < 
trypticase sugar agar base,* plus 0.01 per cent brom 
cresol green dye (Difco), 0.5 per cent yeast extract 


5 Atomic Energy of Canada Ltd., Ottawa, Canada. It is 
not the policy of any of the organizations represented by the 
authors to recommend the products of any company over simi- 
lar products of any other company. The name is supplied for 
informational purposes. 

6 Ivan Sorvall, Inc., Norwalk, Connecticut. 

7 Difco Laboratories, Inc., Detroit, Michigan. 

’ Baltimore Biological Laboratory, Inc., Baltimore, Mary- 
land. 
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(Difco), 200 ppm Actidione,? and 15 ppm po Myniy 
B.” The basal medium with added dye and y. ast ¢y. 
tract was adjusted to pH 5.7 to 5.8 at the time oj 
preparation. The two antibiotics were added asc tically 
to the previously melted and cooled agar, just prior to 
plating. This medium was designed in an e‘fort ty 
separate relatively low populations of lactic agi 
bacteria occurring on cucumber material fron: rathe; 
high populations of other microbial groups thai migh 
be present, chiefly the mesophilic aerobes. (7) Yeas 
and (8) Molds (filamentous fungi) were determined by 
streaking onto plates of nitrogen base agar prepared 
from Wickerham’s (1951) yeast nitrogen base broth Boamma 1 
(Difco) as described by Etchells et al. (1953, 1958), plotted r 
This medium was modified for the present study by the f ments. 
addition of 0.01 per cent yeast extract and acidificatio Fruit. 
with 1.6 ml of sterile 5.0 per cent tartaric acid (instead 
of 3 ml) per 100 ml of melted agar. The modified me-} were the 
dium (pH 3.5) inhibited the bacteria, yet permitted} of 0.5 t 
good growth of yeasts together with adequate bu 
restricted colonial development of molds. spore 
Measurement of cucumber firmness. The USDA Fruit P forming 
Pressure Tester, devised by Magness and Taylor (1925 
was used to measure cucumber firmness according to 


[nitial | 
on cucuml 
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tions, the 
harvest di 
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soups Wé 
the prese 


The Sl 
curing ¢ 


groups sl 
anaerobi 


were ob 
anaerobi 
the procedure described by Bell, Etchells, and Jones} the fruit 
(1955). In the present study, each pressure test value} tively. 1 
represents the average results for 10, no. 1 size cucum- populati 
bers, each receiving a single center punch and recorded} fore, th 
to the nearest pound resistance to the 54¢ in. tip of the} yecessar 
tester. aerobic 
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RESULTS 
Initial Population Studies 
Rather high populations of a heterogeneous micro- 
flora were found to occur on cucumber fruit and blos- Vic 
soms (table 2). Consistently higher numbers of all 
eight types of organisms, calculated on either a weight 
or unit basis, were obtained from blossom samples a 
compared to fruit. Bacteria which grow aerobically Micr 
predominated on both types of cucumber material and) 
the coliform group comprised about 25 to 30 per cent oi 
this population. The aerobic and anaerobic spore: 





accounted for less than 0.5 per cent of the corresponding erubie 
bacterial flora that grew under each condition. Th — 
populations of acid-forming bacteria reported (in table Spo 
2) represent our first degree of success, among numerots |) Anae! 
efforts, to separate this important group of organisms Tot 
from the exceedingly high populations of other micro- Pi 
bial groups usually present on samples of cucumbe}) , 4 


material. Within certain limitations, the selective) ypas) 
medium used in the present study is believed to be)) MOLD 
fairly satisfactory; however, a continued effort is being| 
made to improve it. oe 
® The Upjohn Company, Kalamazoo, Michigan. . blosson 

© Burroughs-Wellecome and Company, Tuckahoe, Nev@ 7 Av 
York. AAblosson 
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[Initial populations of the microbial groups present 
on cucumber fruit and blossoms are generally influenced 
py-several factors such as the prevailing growing condi- 
tions, the production area sampled, and the period of 
harvest during which samples are collected. However, the 
population ratios existing among the various microbial 
groups were relatively constant for the samples used in 
the present study. 


Radiation Studies 


The survival curves for eight microbial groups oc- 
curring on cucumber fruit and blossoms exposed to 
gamma rays are shown in figures 1 and 2. The values 
plotted represent the seasonal average for seven experi- 
ments. 

Fruit. The results indicate that of the microbial 
soups shown in figure 1, the nonsporeforming bacteria 
were the most sensitive to gamma radiation. Dosages 
of 0.5 to 0.75 megarep reduced the total aerobic and 
anaerobic bacterial populations to levels equivalent to 
spore counts and eliminated the coliform and _ acid- 
forming bacteria from the samples. Bacterial spores 
were observed to be the most resistant to radiation; 
anaerobic and aerobic spore forms were recovered from 
the fruit after dosages of 1.0 and 2.0 megareps, respec- 
tively. The aerobic bacilli were present in much higher 
populations initially than the anaerobic bacilli; there- 
fore, the difference in response to radiation does not 
necessarily mean a higher resistance demonstrated for 
aerobic spores. 

The yeasts and molds appeared to be considerably 
more resistant than vegetative cells of bacteria. Viable 


TABLE 2 
Vicrobial populations on cucumber fruit and blossoms 


(1959 season) 


Colony Counts* 


Microbial Group 


Cucumber fruit Cucumber blossoms 


Per g Per unitt Per g Per unit 


thousands thousands thousands thousands 


BACTERIA 


Aerobes 


Total. ... 15,950.0 |182,320.0 |18,200,000 476,000 
Spores.... Pr 16.7 218.0 67,800 | 1,940 
Anaerobes 
Total...........| 1,830.0 | 19,800.0 | 3,092,000 | 78,760 
ae 0.8 9.8 2,100 191 
SUN) 3,940.0  49,125.0 | 6,400,000 |167,530 
Acid-formers..... 4.9 60.0 26,000 | 765 
JON ASY 1.6 18.0 3,030 82 
MOLDS 2 os s465s 3.4 44.0 11,300 295 


* Counts shown represent the average for seven samplings 
of no. 1 size Model variety cucumbers and two samplings of 
blossoms collected during the 1959 season. 

+ Average unit 
blossom, 0.0275 g. 


weights: cucumber, 12.4 g; 
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cells of both of these groups of fungi were recovered 
from fruit exposed to 1.0 megarep even though the 
initial populations demonstrated they were present in 
substantially lower numbers than most of the bacteria. 
No organism was cultured from fruit samples re- 
ceiving a dose of 3.0 megareps. 
The microbial destruction picture for 
samples of irradiated cucumber blossoms (figure 2) was 
essentially the same as that described for fruit. The 
initial populations of the eight microbial groups were 
higher on blossoms as compared to fruit but the corre- 
sponding microbial survival curves parallel one another 
for the irradiation of both types of sample material. 
The yeasts and molds again appeared to be second only 
to bacterial spores in radiation resistance. No organisms 
except bacterial spores were recovered from blossom 
samples irradiated at the 1.5 megarep level and no 
spores were cultured from samples receiving 3.0 mega- 
reps. Because of the amount of particulate material in 
the primary dilutions of blended blossom samples it was 
not possible to make population estimates below 1 X 
10°. Thus, the data do not necessarily mean that 
sterility was attained even at the highest radiation 
dosage used (3.0 megareps). 


Blossoms. 
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Figure 1. Influence of radiation on populations of certain 
microbial groups on cucumber fruit. Part A, counts less than 1 
per g beyond 2.0 megareps; part B, counts less than 1 beyond 
0.5 megarep; and, part C, counts less than 1 beyond 1.0 megarep. 
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Firmness of cucumbers. The influence of radiation on 
the firmness of no. 1 size Model variety pickling cucum- 
bers is presented in figure 3. The values plotted repre- 
sent the mean for seven experiments. Loss in cucumber 
firmness was found to be in direct relationship to the 
dose used. Increasingly higher doses of radiation re- 
sulted in correspondingly lower cucumber firmness 

ralues as compared to nonirradiated controls. Cucum- 


bers subjected to 3.0 megareps, the highest level used, 
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Figure 2. Influence of radiation on populations of certain 
microbial groups on cucumber blossoms. Part A, counts less 
than 100 per g beyond 1.5 megareps; part B, counts less than 
100 beyond 0.75 megarep; and, part C, counts less than 100 
beyond 1.0 megarep. 
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Figure 3. Influence of radiation on the firmness of cucumber 
fruit. 
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lost approximately 60 per cent of their initial fivmnesy 
The decrease in texture observed for irradiated cucuy. 
bers is similar to that reported 
(1956) for fresh beets and carrots. 


sarlier by Kertey, 


DIscussIoNn 


In the present study, the microorganisms subjected ty 
radiation represented a heterogeneous population ¢. 
curring naturally on the plant material investigate) 
Expected differences might be anticipated as to radig. 
tion resistance for individual microbial groups from , 
natural source as compared to those where pure culture 
of such groups were employed. However, the survival 
patterns for the microbial types irradiated herein are jy 
general agreement with those observed by others whey 
pure cultures were studied. 

More specifically, Pepper, Buffa, and Chandler 
(1956) reported no difference in the resistance betwee, 
aerobic spores as a group and anaerobic spores as ; 
group when subjected to cathode rays. Essentially the 
same results were obtained in the present study wher 
the destruction rates for the aerobic and anaerobic 
spores from a heterogeneous flora paralled one another 
and approached a logarithmic order. 

Bridges, Olivo, and Chandler (1956) and Koh, More- 
house, and Chandler (1956) observed that cultures oj 
yeasts and molds were more resistant to cathode rays 
than cultures of nonsporeforming bacteria. The current 
findings demonstrate a similar relationship with a 
heterogeneous flora. However, we were unable to 
observe the higher radiation resistance for yeasts as i 
group as compared to molds reported by Bridges et a 
(1956). They tested 12 species in 6 genera of yeasts ant 
10 species in 2 genera of molds. Previous taxonomir 
studies, on cucumber material from the same produ 
tion area in North Carolina as used in the current 
investigation, would indicate that species of at least § 
genera of yeasts and 34 genera of molds might ly 
expected in the samples used herein (Etchells et al. 
1953, 1958; and Raymond et al., 1959). | 

Lack of agreement in the present study with that oi 
Bridges et al. (1956) with respect to the comparative 
resistance of yeasts and molds to radiation may be\ 
partly due to the species composition of the heter« gene: 
ous mold flora in our samples. In this connection, Webb, 
Thiers, and Richardson (1959) reported that Alternarw 
sp., Aspergillus niger, and Aspergillus terreus wet 
eliminated from ground corn containing 23 per cent 
moisture with 0.35 megarads of gamma radiation (1, 
megarad = 1.08 megareps); however, single species 6! 
Homodendrum, Penicillium, and Verticillium survived } 
dose of 0.75 megarad at the same moisture level. 
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SUMMARY 

Results of a study on the influence of gamma radia- 
tion on several microbial groups in the heterogeneous 
population occurring naturally on cucumber fruit and 
blossoms are presented. The initial populations of the 
different microbial groups were much higher on blos- 
soms as compared to fruit but the corresponding micro- 
bial survival curves indicated that the destruction rates 
were comparable for the irradiation of both types of 
material. 

Of the various microbial groups studied, the asporog- 
enous bacteria, as represented by the coliform and 
acid-forming bacteria, were found to be the most 
sensitive to radiation; the aerobic and anaerobic spore 
resistant. The 
yeasts and molds (filamentous fungi) appeared to be 


forms were observed to be the most 


second only to bacterial spores in radiation resistance. 
However, the resistance of yeasts as a group and molds 
as a group was considered to be essentially the same. 
Furthermore, the studies indicate that, in general, the 
individual microbial groups in a heterogeneous natural 
flora occurring on cucumber material responded to 
yadiation in a manner similar to that reported by other 
workers using pure cultures from comparable groups 
of microorganisms. 

Increasingly higher doses of gamma radiation re- 
sulted in correspondingly lower cucumber firmness 
values as compared to nonirradiated controls. 
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Experiments on continuous culture of rumen con- 5.5-L culture was maintained in an 8-L glass yesyjf °0"" 
tents were undertaken in the hope that a more normal within a constant temperature water bath at 39 ¢f {ls P 
fermentation could be maintained by this procedure The water bath was covered with black paper tf S¢PP°* 


than has been possible by batch culture. 

In the normal rumen fermentation, end products are 
removed by flow of ingesta down the digestive tract as 
well as by absorption through the rumen wall. New 
substrate is added periodically, and a continuous flow 
of salivary buffer into the rumen helps to maintain a 
physiologically normal pH range. Since continuous 
culture can imitate most of these functions, it would 
seem that continuous culture would maintain an 
environment more typical of the rumen than batch 
culture. 

Little work has been done to test the ability of 
continuous culture to maintain a complex population 
of microorganisms. Warner (1956) cultured rumen 
microorganisms semicontinuously by dividing and 
diluting the cultures five times daily. He reported that 
this technique gave results more typical of the rumen 
than a 24- to 48-hr batch culture. Zubrzycki and 
Spaulding (1957, 1958) continuously cultured normal 
human fecal flora for 3 weeks, but few of their data 
were presented. Adler et al. (1958) continuously cul- 
tured mixed rumen microorganisms for 10 hr on a 
protein-free diet, but other than observing pH and 
protozoal motility, they did not determine whether or 
not a normal rumen fermentation was maintained. 

The experiments reported here were conducted as a 
preliminary test of the reliability of continuous culture 
for studying the activities of the mixed microbial 
population of the rumen in vitro. The criteria used for 
comparing the fermentation in vitro with the fermenta- 
tion reported to occur in the rumen were (a) pH, (b) 
volatile fatty acids—their relative concentrations and 
rates of production, (c) motility and rates of growth of 
oligotrich and holotrich protozoa, and (d) concentra- 
tions of coliform and amylolytic bacteria. 


MATERIALS AND METHODS 
Apparatus. A schematic diagram of the pilot ap- 
paratus used in these studies is shown in figure 1. The 
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exclude most of the light. The culture was stirred by ranged 
Lucite (methyl methacrylate) paddles at 33!3 rpm. volume 
To exclude air, a lid of Lucite with a rubber gaskey > ¢!- 


was held onto the top of the vessel. Various pieces of 5°" 
equipment were fitted into the lid with rubber stoppers elimin: 
The only opening in the lid which was not air-tigh Trea 


was that through which the stirrer shaft projected{ “°¢™ 


This opening was just large enough to allow the shai fitted \ 
to rotate freely. Since gas was being produced in th cme 
vessel, the tendency was for gas to pass out rather tha Lealy 
in. other : 

The sampling device consisted of a suction flask hay pl 
connected to 14 in. ID (inside diameter) glass tubingf, “"! 


which extended down into the culture to approxi. 
mately half its depth. When not in use, the rubbe 
tubing connection was clamped off. 

A 4-L volume of substrate was stored in a poly- 
ethylene bottle, where it was stirred magnetically and 
refrigerated by an ice water bath. A constant. carbo 
dioxide pressure of 14 psi was maintained in the ves} 
to minimize the effect of the depth of substrate oi 
total pressure. The amount of substrate in the vess 
was not allowed to fall below 2 L so that. the maxima 
drop in hydrostatic pressure was less than 20 per cen! 
of the total pressure. In this way the influence ¢i 
hydrostatic pressure on the rate of flow from. thi 
vessel was diminished. 

A '¢ in. ID inflow tube led from the substrate vessel 
to the culture vessel. A vent above the vertical part oi 





the inflow tube was necessary to allow rapid flow oi 
substrate through this part of the tube. Otherwis 
sluggish flow of substrate through this vertical segmen! 
of the tube caused solid substrate particles to plug th 
tube by bridging. The vent was connected to th sol 
culture vessel so that air was not admitted through it 

A solenoid valve on the inflow tube allowed substiat 
to flow periodically into the culture vessel. The rate 6 
flow could be varied by changing the frequency will 
which the solenoid valve opened. 

Culture flowed from the culture vessel into a re 
ceptacle through a solenoid-controlled outflow tule! 
located near the bottom of the culture vessel. Thi 
operation of the solenoid valve was controlled by « 
float on top of the culture. When the volume of cult; 
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increased to a certain point, an electrical contact was 
made on the float, and the solenoid opened, allowing « 
portion of the culture to flow out. The greatest variation 
in total culture volume due to this periodic outflow 
was less than five per cent of the total volume. 

All surfaces with which the culture or substrate came 
in contact were either glass, polethylene, stainless 
steel, rubber, or Lucite-coated. 

Some mechanical difficulties were encountered with 
this pilot apparatus. The rate of flow, which was 
supposed to be constant for all experiments, actually 
ranged from 7.60 to 10.80 per cent of the culture 
volume per hour, the average being 8.92 + 0.97 per 
cent. This variation was caused by unreliable operation 
of some parts of the flow mechanism and could be 
eliminated in better constructed equipment. 

Treatments. Inocula were obtained from two Holstein 
steers weighing approximately 900 lb. Each steer was 
fitted with a 4!4-in. ID Lucite cannula into the rumen. 
One steer received a ration of 20 lb of “U.S. No. 2 
Leafy Green Alfalfa Light Grass Mixed Hay.” The 
other steer received a ration of 6 pounds of the above 
hay plus 10 lb. of a 15 per cent crude-protein concen- 
trate mix. The steers were fed twice daily and received 
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water and salt ad libitum. Each inoculum was obtained 
6 or 7 hr after the morning feeding. 

Hay substrate was prepared from the same lot of 
hay as was fed to the steers, by grinding through the 
2-mm screen of the Wiley mill and suspending in 
McDougall’s (1948) salt solution at the rate of 5 g of 
hay (air-dry weight) with 95 ml salt solution. 

Hay-concentrate substrate consisted of a 6:10 (w/w) 
mixture of the hay and concentrate mix, both of which 
had been ground through the 2-mm screen of the 
Wiley mill and suspended in McDougall’s (1948) salt 
solution, mixing 5 g of hay-concentrate mixture (air- 
dry weight) with 95 ml of the salt solution. 

Conduct of experiments. Inocula were obtained by 
squeezing rumen contents through one layer of cheese- 
cloth. The culture vessel was flushed with carbon 
dioxide, and 3 L of inoculum were added. Substrate 
flow into the vessel was started at the rate of 900 ml 
per hr and continued until the culture volume reached 
5.5 L. The inflow of substrate was then stopped and 
the culture was allowed to develop as a batch for 
approximately 5 hr until a pH of 6 was reached. Then 
inflow of substrate and outflow of culture were started 
at the rate of 450 ml per hr, and this was continued 
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Figure 1. Continuous culture apparatus 
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for 24 hr or more beyond the time of inoculation. 
Longer experiments, although desirable, were usually 
impossible because of mechanical failures. 

Sampling. Samples of approximately 100 ml were 
removed from the culture vessel via the sampling 
device at (a) the time of inoculation, (b) the start of 
the 450 ml per hr inflow-outflow, and (c) every 8 hr 
thereafter. Preliminary experiments had shown that 
more frequent sampling was unnecessary because only 
fluctuations in the fermentation pattern 
curred when the apparatus was working smoothly. 

Measurements of pH were made on each 100-ml 
sample within 1 min after removal from the culture. 
Then a 10-ml subsample was removed with a large- 
bore pipette, fixed with 1.1 ml of 40 per cent formal- 
dehyde, and refrigerated until counts of protozoa could 
be made. From the remaining 90 ml of sample, two 
10-ml subsamples for bacterial counts were removed 
with a large-bore pipette. The remainder of the sample 
was poisoned with 1 part of a 
chloride solution to 50 parts of sample and refrigerated. 


minor oc- 


saturated mercuric 
Later, this sample was centrifuged to remove large 
debris and some bacteria. The supernatant was refrig- 
erated until analyzed for volatile fatty acids. 

Volatile fatty acid analysis. Volatile fatty acids were 
separated and measured by a modification of the 
Wiseman and Irvin (1957) procedure. 

Counts of protozoa. An equal volume of 66 per cent 
(w/w) sucrose solution was added to the 11-ml for- 
malinized sample of culture. The resultant suspension 
was of such a specific gravity and viscosity as to 
diminish the settling rate of the protozoa. For oligotrich 
counts, a 1-ml subsample of this suspension was taken 
with a wide-bore pipette and diluted by a factor of 
10, 20, or 40 in 33 per cent sucrose solution. This 
dilution was stained by adding 1 part of Lugol’s iodine 
to 20 parts of sample. A 0.2-ml portion was then trans- 
ferred to a counting chamber by means of a measuring 
pipette having a 1l-mm orifice. After allowing the 
protozoa to settle, the entire 0.2-ml sample was counted 
under the 100X magnification of a binocular micro- 
scope with a mechanical stage. Each slide contained 
from 100 to 200 organisms. 

For holotrich counts a similar procedure was used, 
but the samples were diluted by a factor of only two or 
four because of the smaller number of these organisms. 
The dilutions were stained with methylene blue at the 
rate of one pait of a 0.035 per cent alcohol-water 
solution to eight parts of sample. There were usually 
50 to 100 holotrichs per slide, but in a few samples the 
number was as small as 20. 

Counts of bacteria. Coliform bacteria were counted 
on poured plates of Bacto violet red bile agar,* used as 
described in the Difco Manual (1953). Inoculated plates, 
with 5 ml of melted medium poured on as a cover, 


4 Dehydrated; Difco Laboratories, Inc., Detroit, Michigan. 
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were incubated at 37 C and were counted after 1. to 24 
hr of incubation. Only colonies which were purp!) hi red 
and 1 to 2 mm in diameter were counted. Oce: -ional 
Gram stains made from these colonies always s: owed 
short gram negative rods, sometimes in chains. U <ually 
25 to 100 colonies were counted per plate, bui ocea- 
sionally plates with as few as 10 coliform colonic~ were 
counted in situations where lower dilutions were 
crowded with other types of colonies, especially 
spreaders or molds. 

Amylolytic cocci, presumably Streptococcus bovis, 


were counted on poured plates of the starch medium 
described by Higginbottom and Wheater (1954). The 
procedure used was similar to that used for coliform 
counts except that the plates were incubated for 3 days, 
Then they were flooded with iodine solution, and 
colonies starch counted, 
Plates with 10 to 100 colonies were counted. However, 
when 


showing hydrolysis were 


more than 15 to 20 colonies were present it 
could not be ascertained whether they were all amylo- 
lytic, because zones of starch hydrolysis overlapped. 
The majority of colonies did show starch hydrolysis, 
where this could be determined, and were lenticular, 
about 1 mm in diameter. Gram stains were made 
occasionally at random. These almost always showed 
gram positive cocci, usually in pairs with a flattening 
on the joined sides characteristic of S. bovis. 

Experimental design. A 2 X 2 factorial arrangement 
of treatments with two substrates and two sources of 
inoculum was replicated twice. 

Calculations. The 16- and 24-hr samples were used 
as the bases for all calculations. It was assumed that 
the system was then in equilibrium for all criteria 
except numbers of protozoa, since the values for all 
measurements except protozoal numbers leveled offi 
during the last half of the incubation period. 

The rate of production of volatile fatty acids per 
volume of culture was calculated by multiplying the 
rate of dilution times the total volatile fatty acid 
This calculation was made assuming 
that the total volatile fatty acid concentration was 


concentration. 








} 


constant. This seemed to be a reasonable assumption, | 


since the 16- and 24-hr samples seldom differed by 
more than 10 per cent, and there was no consistent 
tendency for an increase or decrease during this period 
The differences were probably due to accidental vari- 
ations in flow rate, which occurred in most expel 
ments, as mentioned earlier. 

Since the number of protozoa in the culture was not 
constant it was necessary to calculate growth rates 
from the formula of Monod (1950): 
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where u = 


unit time; « = concentration of organism; ¢ = time 
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and D = dilution rate, rate of flow divided by volume 


of culture. 

Generation times were calculated as reciprocals of 
growth rates. 

RESULTS AND DiscussION 

A summary of the results is presented in table 1. 
Data for individual treatments are given only in cases 
where there were significant differences (P < 0.10). 
The replicates were not in particularly good agreement 
because Of variability in dilution rates, which were 
supposed to be constant for all experiments (see Ma- 
terials and Methods). However, there were no signifi- 
cant differences due to replication, P < 0.10. 

Hydrogen ion concentration. The average pH values 
of 6.20 for the experiments using hay substrate and of 
5.96 for the hay-concentrate substrate were signifi- 
cantly different at P < 0.10. These values in vitro are 
in the range of those reported by other workers (Balch 
and Rowland, 1957; Briggs, Hogan, and Reid, 1957) 
for similar substrates zn vivo, and the depression of 
pH by the rations containing concentrate is consistent 
with observations in vivo. 

Volatile fatty acid concentration. The average volatile 
fatty acid concentration of 14.8 mEq per 100 ml was 
somewhat higher than the volatile fatty acid concen- 
trations reported during the period of active fermenta- 
tion in vivo by most. workers. However, similar values 
as well as much higher values have been reported under 
normal conditions by Annison (1954) and by Reid, 
Hogan, and Briggs (1957), so this value would not 
appear to be unphysiological. 

Rate of volatile fatty acid production. The average 
volatile fatty acid production rate of 1.3 mEq per 100 
ml per hr for all experiments is comparable to the 
average value of 1.42 mEq per 100 g per hr, observed 
by Carroll and Hungate (1954) for hay diets when the 
total volatile fatty acid concentration averaged 12.77 
mEq per 100 g. It is lower than 2.35 mEq per 100 g 
per hr, which they observed on grain diets where the 
average volatile fatty acid concentration was 9.15 
mEq per 100 g. Stewart (1957) observed a peak produc- 
tion rate of 3.04 mEq per 100 ml per hr, 1 hr after 
feeding, when the volatile fatty acid concentration was 
10.50 mEq per hr. The rate declined rapidly to 1.41 
mEq per 100 ml per hr, 6 hr after feeding, when the 
volatile fatty acid level was 12.61 mEq per 100 ml. 

The rate of volatile fatty acid production observed 
in the present experiments was thus comparable to 
the lower values reported to occur in the rumen during 
active fermentation, and it was consistent with values 
reported where the concentrations of volatile fatty 
acids were high. 


Proportions of volatile fatty acids. The difference in 
the proportions of acetic acid produced on the two 
Subsirates was significant at P < 0.10. The values are 
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comparable to proportions of acetic acid which have 
been reported during active fermentation of similar 
diets in the rumen and are in agreement with the ob- 
servation that roughages tend to result in a greater 
proportion of acetic acid in the rumen than do concen- 
trates (Balch and Rowland, 1957; Reid et al., 1957). 

The proportions of propionic acid produced by the 
two inocula were significantly different at P < 0.10. 
They are similar to observations on the proportions 
produced in the rumen a few hours after feeding when 
the fermentation is active (Balch and Rowland, 1957; 
Reid et al., 1957). The apparent. difference due to inoc- 
ulum source suggests that this may be an important 
factor in these experiments. 

The replicate 
shown in table 1 


averages for butyric acid percentage 
gave an interaction between inoculum 


TABLE 1 
Total concentration, rate of production and proportions of VF A,* 
pH, protozoal generation times, and numbers of coliform and 
amylolytic bacteria observed during continuous culture of 
rumen contents 


Criteria Treatments Averages 
Total VFA* conc | All 14.8 
(mEq/100 ml) 
VFA production rate | All 13 
(mEq/100 ml/hr) 
Acetic acid (%) Hay substrate, both inocula 63.0 
Hay-concentrate substrate, 58.7 
both inocula 
Propionic acid (%) Hay inoculum, both sub 24.5 
strates 
Hay-concentrate inoculum, 20.0 
both substrates 
Butyrie acid (%) Hay substrate, hay inoculum 13.2 
Hay substrate, hay-concen- 12.7 
trate inoculum 
Hay-concentrate substrate, 11.9 
hay inoculum 
Hay-concentrate, hay-con 17.2 


centrate inoculum 
All 3.1 
Hay-substrate, both inocula 6.20 
Hay-concentrate 
both inocula 


Valerie acid (%) 
pH 


substrate, 5.96 


Oligotrich generation) Hay substrate, hay inoculum —80 
times (hr) Hay-concentrate substrate, +25 
both inocula 
Holotrich generation | Hay substrate, hay inoculum) —88 
times (hr) Hay substrate, hay-concen- | +54 
trate inoculum 
Hay-concentrate substrate, | +39 
hay inoculum 
Hay-concentrate substrate, +139 
hay-concentrate inoculum 
Coliform organisms | All 1 X 10! 
(number/ml) 
Amylolytice organisms! All 9X 10° 


(number/ml) 


* Volatile fatty acids. 











154 


and substrate which was significant at P < 0.10. The 
difference due to inoculum was also significant at this 
level. In the two cases where the inocula and sub- 
strates were comparable, the values of 13.2 and 17.2, 
for hay and hay-concentrate substrate, respectively, 
were similar to results which have been reported for 
comparable substrates in the rumen, the concentrate 
increasing the proportion of butyric acid present (Balch 
and Rowland, 1957; Reid et al., 1957). 

The valeric acid percentage of 3.1 per cent was com- 
parable to values reported for the rumen (Balch and 
Rowland, 1957). 

Oligotrich generation tumes. The average generation 
times for oligotrich protozoa on the two substrates 
were significantly different at P < 0.05. The negative 
value of —80 hr indicates that the organisms disin- 
tegrated faster than they multiplied. The value of 25 
hr compares favorably with the best rates of growth 
reported in vitro. Hungate (1942, 1943) observed gener- 
ation times of from 24 to 48 hr for Diplodinium, and 
Coleman (1958) reported values of approximately 48 
hr for Entodinium. 

It is uncertain whether or not these rates of growth 
are typical of those which occur in the rumen. It might 
seem that if each cell divided approximately every 24 
hr this would maintain the population of oligotrich 
protozoa in the rumen if the flow of material through 
the rumen were equivalent to 100 per cent of the rumen 
volume every 24 hr. Actually this is an oversimplifica- 
tion, since the rate of flow through the rumen is not 
uniform, and mixing in of ingested material is not 
instantaneous. Furthermore, protozoa probably do 
not grow at a uniform rate in the rumen. A study of 
the data of Purser and Moir (1959) shows considerable 
variation with time after feeding in the proportion of 
dividing forms of oligotrichs in the rumens of sheep. 
These fluctuations were associated with changes in 
pH, but they were not shown to be caused by pH, as 
was concluded by these workers. All these factors make 
it difficult to estimate the average generation time for 
the protozoan population in a given rumen at any time. 

The fact that concentrate and roughage produced 
better growth than roughages alone, in these experi- 
ments, is consistent with the observation of Oxford 
and Sugden (1953) that Oligotricha are favored by a 
high starch diet. However, the fact that these organ- 
isms showed no growth at all in the experiments with 
hay substrate cannot be considered comparable to 
what would occur in vivo. Certainly there must have 
been some growth of these organisms in the rumen of 
the steer receiving the hay ration, or the inocula from 
this steer would not have contained them. However, 
the oligotrich protozoa evidently did not grow as well 
in the rumen of the hay-fed steer as in the steer re- 
ceiving concentrates, as evidenced by the fact that 
their inocula differed 5-fold in content of these organ- 
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isms, averaging 5.2 X 10' and 2.6 X 10° ol gotridff The \ 
per ml, respectively. experime 





There was also a difference in the appearance of thy 
oligotrich protozoa on the two substrates. On ‘he hay. 
concentrate substrate they were dark stained in iodiyy 
solution, indicating carbohydrate content. This may 
have been ingested starch or a storage form o! starch 
On the hay substrate there were practically 110 oligy, 
trichs showing iodine staining substance. 

Holotrich generation times. The data in table 1 shoy 
that holotrich growth rates followed a pattern differey 
from that for the oligotrichs. There was an interact, 
between substrate and inoculum significant at P < 0,05 

It is difficult to explain the fact. that the best growth 
rates were obtained where the substrate and inocu 
did not correspond. However, it should be noted tha 
there was an apparent positive correlation betwee 
growth rates and numbers of holotrichs in the inoculy 
In the experiments using hay substrate, the hay inocu 
and hay-concentrate inocula averaged 2.3 X 10° and 
6.5 X 10% holotrichs per ml, respectively. In the exper- 
ments using hay-concentrate substrate, the hay inocu; 
and the hay-concentrate inocula averaged 9.3 X 1( 
and 8.0 X 10° holotrichs per ml. It may be that th 
differences in growth rates were related to the number 
in the inocula rather than to treatments. 

As in the case of the oligotrichs, these holotric 
growth rates cannot be compared with those obtaine 
in vivo, since there is no information on this subject 
The only available standard of comparison is the ger: 
eration time of 48 hr obtained in vitro for Jsotricli 
by Gutierrez (1955). This is comparable to the gener: 
tion times observed for two of the four treatmei 
combinations used in these experiments. 

It should be borne in mind that these protozoi 
averages for all the genera i 
each of the two orders. Also, they were calculated «i 
the assumption that all cells counted were alive, whit! 
may not have been true. Therefore they represent | 
minimum and may have been greater for a given él] 
or for a given genus. 


growth rates represent 





In all cases both oligotrich and holotrich protoz 
showed good motility, as observed in hanging doy 
preparations. 

Coliform bacteria. The average coliform count for 4 
experiments was 1 X 10+ per ml. This count is compa 
rable to the counts of 10* to 10° per ml reported by Mam 
Masson, and Oxford (1954), which are among the lowe: 
reported in the literature. One can conclude from thy 
that an abnormal population of these organisms di 
not develop in these experiments in vitro. 

Amylolytic bacteria. The average count of amylolyt! 
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The values observed in these continuous culture 
experiments for pH, rates of total volatile fatty acid 
€ production, proportions of volatile fatty acids, and 
numbers of coliform and amylolytic organisms appeared 
“i be normal, when compared to reported values for 


Phis may the rumen. Rates of growth of oligotrich protozoa in 


O1 starch 


ho Oligy 


le | shoy 
1 differe); 


teraction 
P < 005 


St growth 


the experiments using the hay-concentrate substrate 
.F were equal to the fastest rates of growth reported in 
vitro to date, there being no data available on their 
rates of growth in vivo. The holotrich protozoa, which 
‘Bseem to lead a precarious existence even in the rumen 
itself, showed more variable growth rates in these 
experiments. 

These results should encourage further investigation 


d inocu} of continuous culture as a method of studying the 


oted tha 
bet Wee} 
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iP rumen fermentation. The criteria used for comparison 
were limited, but the fact. that protozoal growth oc- 
curred at least in some experiments and that the pro- 


LY Inocuki portions of volatile fatty acids produced were normal 
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if is of significance. To the best of the authors’ knowl- 
‘| edge, these have never been reported to be normal 
after more than a few hours in conventional batch 
cultures of rumen contents. 

To some, an attempt to maintain a normal rumen 
¥ fermentation in vitro may seem naive. It is true that 
in vitro there is no normal addition or removal of ma- 


holotricf terials as there is through the rumen wall. Also, there 
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can be no remastication or reinsalivation in vitro as 
occurs in vivo. However, it may be possible, by buffering 
+ and dialysis, to compensate for the lack of these proc- 
esses in vitro so that, although some gross aspects of 
rumen activity are lacking, the normal rumen fermen- 
tation can still be reproduced on a biochemical and 
cellular level. 

In a stabilized continuous culture the time variable 
has been eliminated, and the conditions of a given 
‘experiment may be typical of only one period in the 
jentire 24-hr cycle in vivo. For example, rapid rates of 





flow would be likely to produce conditions similar to 


ziven ¢e)}those in the rumen shortly after feeding, whereas slow 
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rates of flow would produce conditions typical of later 
‘ }times. It would be particularly important to keep this 
N fact in mind when attempting to apply the results of 
experiments in vitro to the animal. 

Improvements in the apparatus would be essential 
to further development of this application of continu- 
ious culture. Among these improvements should be a 
‘more constant flow rate, provision for gas collection 
{and possibly provision for pH control and/or removal 
(Sof diffusible end products by dialysis when these pro- 

cediires are desired. 
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SUMMARY 


On the basis of the limited criteria used in these experi- 
ments the continuous cultures appeared comparable 
to rumen cultures. 

Values for pH, rates of total volatile fatty acid pro- 
duction, proportions of volatile fatty acids, and num- 
bers of coliform and amylolytic organisms were similar 
to values which have been reported in the rumen. 

Rates of growth of oligotrich protozoa in the experi- 
ments using the hay-concentrate substrate were equal 
to the fastest rates of growth reported in vitro to date. 
There was apparently no growth of oligotrichs in ex- 
periments with hay substrate. 

Growth rates of holotrich protozoa ranged from 
values which were comparable to the best rates of 
growth which have been reported in vilro to values 
which were negative. 

Both holotrichs and oligotrichs showed good motility 
in all experiments. 
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In the manufacture of the many varieties of fer- 
mented sausage, dependence has been placed tradi- 
tionally upon chance inoculation with microorganisms 
contaminating the sausage ingredients or the individual 
establishments. This method of inoculation may lead 
to undesirable results including serious economic losses. 
Two important types of microbial contaminants are 
required. One type is necessary for the reduction of 
added nitrate to nitrite for formation of the cured- 
meat color of the sausage; the second microbial type 
is needed to effect a fermentation of the added sugar 
and give rise to the tangy flavor which characterizes 
these sausages. In years past the acid produced played 
an integral role in the preservation of the meat. How- 
ever, today organoleptic contributions are stressed. 

Although many sausage manufacturers still employ 
the traditional method, some no longer depend upon 
a microbial reduction of nitrate, but rather add nitrite 
to the sausage mix. However, chance inoculation of 
fermentative microorganisms is still practiced. 

The food industry has successfully circumvented 
the use of chance inoculation in the preparation of a 
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cheeses, bread, fermented milk drinks, and alcoholi 
beverages are examples in which the hazards of chance 
inoculation have been replaced by deliberate addition 
of the responsible microorganisms. The development 


” 


of these ‘‘starter cultures” evolved from isolation and 
identification of the microorganisms responsible fo 
the desired effect, and eventually their addition to thr 
food at the appropriate stage of processing. Thus, it 
would appear logical that a controlled fermentatio! 
could be employed successfully in the manufacture oi 





fermented sausages. To this end, a study of the method: 
of manufacture and their effect upon the microbial) 
flora, the types and numbers of bacteria in the sausages) 
and a physiological characterization of the predominatt 
flora was undertaken. A subsequent report will de: 
scribe the preparation, testing of activity, and utiliz- 
tion of a pure starter culture for sausage manufactur 
A preliminary publication regarding some phases 0! 
this investigation has been presented (Deibel ané 


Niven, 1957). ' 


Since the completion of this study the results hav 
been applied, and a commercial starter culture employ- 


ing Pediococcus cerevisiae as the fermentative organist! 
. an) tn) 


has become available.2 Some aspects of the commerci: 
preparation of the culture have been presented (Harts 


et al., 1957). Thus, it would be expected that the ir} 






1961] 


eidence © 


be greale 


A nun 
obtained 
manufac 
mix, @S 
were @X 
through 
tlon, Sal 
local m 

Three 
tively ¢ 
samples. 
was use 
number 
corel W 
selective 
sacchari 
the surf 
a sucros 
viously 

Color 
culturec 
ization — 
activity 
product 
carbon 
cose, al 
basis ol 
study. 
or more 
one san 
Methoc 
have b 
1958). 


2 Und 
Institut 
New Jer 
starter ¢ 

3 Balt 
land. 


Summe 
Summe 
)Thurin 
Thurin, 
Thurin, 





VOL, 4 








lian J 





©. in the 
18 feeds. 


Ph.D 


€ validity 
-called 
» 193-748 
hation of 
215-215 
Caution of 
‘S on the 
, 101. 
on tinuous 


J. Bac 


, [llinois 


alcoholic 
f chance 
addition 
lopment 
tion and 
ible for 
n to th 
Thus, it 
entation 
cture Oi 





1961] 


cidence of pediococci in fermented sausage today would 
be greater than that observed in this study. 


MATERIALS AND MeEeTHODS 


A number of the fermented sausages examined were 
obtained through the cooperation of several sausage 
manufacturers. In some instances samples of the raw 
mix, as Well as the finished product of the same batch 
were examined. Occasionally, samples were obtained 
throughout the entire processing procedure. In addi- 
tion, samples of finished products were obtained from 
local markets. 

Three media were employed routinely to quantita- 
tively determine the bacterial flora in the sausage 
samples. The APT medium of Evans and Niven (1951) 
was used to estimate the total bacterial count. The 
number of high acid-producing lactobacilli and pedio- 
cocei Were estimated by employing the Lactobacillus 
selective medium (LBS)* of Rogosa et al. (1953). Poly- 
saccharide-forming lactobacilli were determined by 
the surface plating technique of Snyder (1947) using 
a sucrose-gelatin agar medium (SG) as described pre- 
viously (Deibel and Niven, 1959). 

Colonies isolated from the agar plates were sub- 
cultured in APT broth. After a preliminary character- 
ization consisting of Gram stains and tests for catalase 
activity, the isolates were screened for polysaccharide 
production from sucrose, motility, final pH value and 
carbon dioxide production from fermentation of glu- 
cose, and their growth relationship to oxygen. On the 
basis of these tests, isolates were chosen for detailed 
study. An attempt was made to avoid including two 
or more isolates with similar characteristics from any 
one sample. All strains were reisolated to insure purity. 
Methods describing the physiological characterization 
have been presented elsewhere (Deibel and Niven, 
1958). 


*Under a nonexclusive license with the American Meat 
Institute Foundation, Merck & Co., Ine., Rahway, 
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New Jersey, formulate and distribute the Pediococcus cerevisiae 
starter culture under the Merck trade name ACCEL. 

‘Baltimore Biological Laboratory, Inc., Baltimore, Mary- 
land. 


TABLE 1 


Bacterial counts, pH values, and sodium nitrite 


content of sausage mizes 


| Bacteria per g 


E (X10) Sodium 
le 2 —__—_———/ Predominant Flora | pH Nitrite 
=| APT | LBS — 
3 agar agar 
‘Summer A 2.24 | 0.05 Lactobacilli | 6.6 12 
pSummer 1.19 | 0.04 Lactobacilli | — | Trace 
i 
Thuringer | C 1.06 0.04 


Lactobacilli 6.2) Trace 
Lactobacilli 6.2 68 
Lactobacilli | 6.4 90 


)Thuringer D 0.82 | 0.08 
Thuringer | E .06 | 0.18 


to 
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The pH values of the sausage samples were deter- 
mined on a blended sample consisting of 10 g of meat 
and 90 ml of distilled water. Sodium chloride, moisture, 
sodium nitrate, and sodium nitrite were determined 
according to methods described by the Analytical 
Methods Committee, Council on Research, American 
Meat Institute (1954). Reducing sugar was determined 
by the Somogyi-Schaffer-Hartman method as presented 
by Hawk, Oser, and Summerson (1947). Analysis for 
sugars was performed on the samples after hydrolysis 
with hydrochloric acid. 


EXPERIMENTAL RESULTS AND Discussion 

Sausage-making as practiced currently in the United 
States varies from establishment to establishment. 
Not only are there differences in formulation of the 
same variety of sausage, but vast differences exist in 
processing procedures. In the following discussion some 
of these procedures common to the majority of manu- 
facturers, and their effect upon the bacterial flora, will 
be presented. This discussion will be restricted to the 
methods common to the manufacture of the various 
semidry sausages. The methodology of other varieties 
of fermented sausage (such as Genoa sausage and Leb- 
anon bologna) differ to the extent that a separate dis- 
cussion pertaining to their manufacture would be neces- 
sary. 

Formulation of sausage mix and effect of holding period. 
After the meat components are ground and the spices 
and curing agents (nitrate and/or nitrite, sugar and 
salt) are added, the mix is held for 2 to 4 days at 35 
to 40 F. The type of container (pans or trucks), and 
consequently the relative amount of surface area, is 
variable. A number of reasons have been offered to 
justify the holding period for successful sausage manu- 
facture. It is assumed by some that nitrate is reduced 
during this period. Others state that the desire bacterial 
population increases, or that characteristic flavor and 
texture qualities develop at this time. Examination 
of commercial and experimental sausage mixes failed 
to detect any microbial activity in reference to nitrate 
reduction, acid production, or increase in viable bac- 
terial counts during the holding period. Moreover, in 
pilot laboratory tests, exclusion of the holding period 
was practiced routinely without detriment to flavor 
or texture properties. Thus, the exact reasons for the 
holding period as practiced commercially are not 
readily apparent, and it is possible that this step could 
be omitted in the manufacture of most varieties of 
summer-type sausage. 

In table 1 total bacterial counts, pH values, and 
nitrite content of summer and thuringer sausage mixes 
are presented. These samples were obtained toward 
the end of the holding period. The total viable count 
of unprocessed sausage mix was relatively low. The 
predominant flora consisted of lactobacilli, and the 
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polysaccharide-forming lactobacilli that predominate 
in the finished products were not detectable. Pediococci 
were absent in the thuringer mixes although these 
bacteria are usually the predominant flora of this type 
of processed sausage. Establishments A, D, and E 
employed a nitrate-nitrite cure and establishments B 
and C employed a nitrate cure. 

Influence of time and temperature during smoking. 
After stuffing the mix into casings the next common 
procedure consists of a 2- to 4-day smoking period at 
temperatures favorable for bacterial growth. Some 
establishments hold the sausage in rooms at 70 to 80 
F for 16 to 24 hr prior to placing it in the smokehouse 
where again the time and temperature are highly vari- 
able. Another commonly followed procedure consists 
of placing the product in the smokehouse and heating 
(without smoking) for 8 to 16 hr followed by a variable 
period of heating and smoking. 

Characteristically, the bulk of the microbial activity 
occurs during the heating period. If a nitrate cure is 
employed the majority of the nitrate reduction takes 
place during the first 2 to 16 hr. After 8 to 16 hr, the 
production of acid is initiated. 

During these studies an occasional defect termed 
“nitrite burn” encountered when a_ nitrate 
nitrate-nitrite cure was used. This condition results 
when a significant lag in acid production occurs and 
the acid-sensitive, nitrate-reducing organisms reduce 
excessive amounts of nitrate. Ultimately, the acid- 
producing bacteria lower the pH value and a brown- 


was or 


green discoloration then becomes apparent. However, 
if a dynamic balance in nitrate-reducing and acid- 
producing bacteria occurs, excessive nitrate reduction 
is prevented and spoilage of this type is fortuitously 


averted. A more detailed discussion of nitrite burn 
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and its prevention has been presented elsewhere Deibe| 
and Evans, 1957). 

As mentioned previously, the first indication of acid 
production occurred after 8 to 16 hr. Some actors 
affecting the initiation of acid production are the types 
and numbers of bacteria present and the heating sched. 
ule employed. The initial pH values of the mixes werp 
in the range of 5.8 to 6.6, whereas the pH values of the 
finished product were observed to vary from 4.5 to 
5.3. Sausages having a pH value higher than 5.: oftey 
possessed an inferior, soft texture. Inadequate acid 
production and the consequent soft texture and lack 
of flavor were found to be common defects in the manu- 
facture of this type of sausage. 

Production of gas in the stuffed sausages during the 
fermentation period was also observed occasionally, 
and the pressure developed in one instance was great 
enough to break the casings. In such instances large 
numbers of heterofermentative lactobacilli were de. 
tected in the sausage. 

Influence of terminal temperature on bacterial flora. 
The total viable counts of a few finished products 
examined were relatively low (tables 2 and 4) and wen 
a reflection of the terminal heating given the sausages 
The low pH values of such sausages indicated that ai 
some time during processing a fermentation had taker 
place. 

The final temperature to which fermented sausages 
must be heated is governed by the treatment of the 
pork trimmings that are used in the preparation of thi 
sausage mix. The Meat Inspection Division of th 
United States Department of Agriculture has estab- 
lished two acceptable procedures for killing Trichinella 
spiralis. If the trimmings are kept frozen for one of thi 


TABLE 2 


Chemical data and viable bacterial counts on samples of summer sausage 


; : Bacteria per g (X10) 
Establish- Predominant Flora 


ment 
APT agar LBS agar SG agar* 

O 48.0 Lactobacilli 

if 48.0 1.9 18.2 Lactobacilli 

Q 190.0 108.0 Lactobacilli 

R 1.6 0.3 —ft Lactobacilli; Pedio- 
cocci 

O 78.0 28.0 62.0 Lactobacilli 

Ss 56.0 21.0 19.0 Lactobacilli 

B 3.2 0.6 1.9 Lactobacilli; Pedio- 
cocci 

a 234.0 282.0 140.0 Lactobacilli 

H 70.0 98.0 78.0 Lactobacilli; Pedio- 
cocci 

F 362.0 340.0 216.0 Lactobacilli; Pedio- 


cocci 











} 


a 


— 


prescribed time and temperature schedules, a_ final 
Per Cent Sugar 
H H:0 NaNO2 NaNOs NaCl | 
P (%) (ppm) (%) (% 
Total Reducing 
5.1 
5.3 32.3 Trace 0.04 0.37 0.09 2.5 
5.3 24.9 0.26 2.6 
5.0 51.1 0.21 1.2 
5.3 51.0 0.35 1.7 
4.7 54.3 Trace 0.03 0.39 0.40 1.2 
5.0 46.9 Trace 0.03 0.32 0.16 2.2 
4.9 48.9 Trace 0.03 0.66 0.62 2.0 
4.6 51.4 Trace 0.04 0.61 0.54 1.6 
4.8 38.9 0.61 0.31 2.6 | 


* Only polysaccharide-forming colonies were counted on this agar. 


+ Less than 1000 bacteria per g. 
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»  Deibe| processing temperature of 137 F is not mandatory. circulation, and the humidity schedule employed. 


Trimmings that are treated according to these specifi- Such dried sausages examined contained large numbers 
n of acid ff vations are termed “certified pork trimmings.” When of viable bacteria (tables 2 and 4). Apparently, the 
‘actors & vertified pork is used, it has been observed that a final ultimate low moisture content coupled with the high 
he types internal temperature range of 115 to 130 F is often salt concentration do not have an appreciable lethal 
ig sched. employed. No attempt was made to determine the effect upon the bacteria in the sausage. 
XS Were § affect. of the terminal processing temperature on the Types and numbers of bacteria in processed fermented 
e> of the types and numbers of bacteria in the finished product. sausage. Experiments were performed to ascertain the 
n 4.5 tof Influence of drying on bacterial flora. Sausage manu- most favorable agar medium that would yield the 
3 Often Bixctured by the above procedures is termed semidry highest plate counts from the finished products. No 
ate acid f usage. Some manufacturers market varieties of very differences were noted when 5 per cent sodium chloride 
and lack dry sausage (summer, salami, cervelat) in which the was added to the media. Ten per cent sodium chloride 
le Mant F moisture content may be as low as 22 per cent. The was usually inhibitory. No significant differences in 
drying process for these types of sausage is conducted viable counts were observed in the various media tested 
wing the f in humidity controlled rooms at 50 to 60 F. The dura- or when incubation temperatures of 20, 30, and 37 C 
sionally, F tion of this period is somewhat variable and is depend- were employed. However, the colony sizes in the APT 
ras great Bont upon the size of the sausage, the amount of air medium generally were larger and facilitated counting. 


ces large 
itis TABLE 3 


‘al fl Chemical data and viable bacterial counts on samples of thuringer sausage 
ord. 2 tabi et 





pr ducts Bacteria per g (X10°) Per Cent Sugar 
H20 NaNO2 NaNO; NaCl 
(%) (ppm) (%) BC hd (% 


and wer Predominant Flora pH si, 
APT agar LBS agar SG agar Total Reducing 


sAUSAges 


1 that at 








18.0 " Pediococei 4.9 54.9 0.12 1.6 
ad takenf 6.2 7.0 Pediococei 5.1 | 32.8 0.53 2.8 
50.0 42.0 Pediococci 5.0 58.7 Trace 0.02 0.12 0.01 bid 
Sausages 19.2 Pediococci 4.9 
‘ gol te *Less than 1000 bacteria per g. 
ym of th 
1 of th 
‘s_ estab TABLE 4 
echinella Chemical data and viable bacterial counts on samples of fermented sausage 
ne of th iticwm a eae yd 
a fin) comple Estab eT eT eA Oa pH H.0 NaNO: | NaNOs nae 
APT LBS SG Total Re 
agar agar agar* ducing 
Salami A —T Bacillus 
Salami M 28.0 Lactobacilli 40.5 0.55 5 
Na 1) Salami G 6.5 8.6 | 12.2 | Lactobacilli 23.7 0.00 $3 
ing } Salami B 47.0 62.0 23.2 Lactobacilli 5.4 29.1 0.73 2.6 
| Salami L 14.0 4.9 13.0 Lactobacilli a | 45.5 Trace 0.03 | 0.54 | 0.06 | 3.2 
Salami E 9.3 1.8 8.0 Lactobacilli 5.4 27.9 Trace 0.04 | 0.66 | 0.17 | 4.4 
) 2.5 } Salami | F 2.9 2:5 0 Pediococei 5:3 22.4 Trace 0.05 0.48 | 0.19 | 4.6: 
2.6 9 Salami Cc 4.0 Streptococci 5.5 
1.2 9 Cervelat A 25.2 108.0 19.0 | Lactobacilli; Pedio- 5.3 23.0 14 0.07 | 0.51 | 0.13 | 3.0 
cocci 
1.7 9 Cervelat D 2.30 Lactobacilli 5.5 
) 1.2 & Cervelat M +.0 Lactobacilli 4.8 30.9 0.92 3.8 
) 2.2) Genoa A 38.0 28 .4 62.0 Lactobacilli 4.9 32.5 0.08 3.8 
} Goteborg I 109.0 18.0 42.0 Lactobacilli 4.8 45.0 0.41 2.0 
4 2.09 Lebanon | 320.0 280.0 | 300.0 Lactobacilli 4.7 51.1 Trace 0.03 2.1 2.1 2.1 
1.6 9 Lebanont K 0.02 0.03 0.02 Lactobacilli; Pedio- 4.6 52.3 45.0 0.04 2.04 | 2:0 2.0 
cocci 
| 2.6 | Lebanon L 0.10 0.11 Streptococci 4.7 63.5 Trace 0.03 | 0.27 | 0.14 | 1.5 


* Only polysaecharide-forming colonies were counted on this agar. 
nall numbers of sporeforming bacilli were detected. 





t \ nitrite burn was detected in this sample. 
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Consequently, the viable counts were determined 
routinely by using APT agar and incubating the plates 
for 2 days at 30 C. 

The predominant flora of the processed sausages 


consisted of lactobacilli. Although sausage mixes con- 
tained small numbers of pseudomonads and other 
gram negative rods, these bacteria were not detected 
in the finished products. Coagulase-positive staphylo- 
cocci were never detected in any of the samples ex- 
amined in this study. 

The majority of the finished summer sausage samples 
contained large numbers of lactobacilli and a significant 
proportion of these bacteria were capable of synthe- 
sizing a polysaccharide from sucrose (table 2). Quite 
often pediococci were isolated; however, lactobacilli 
usually predominated in these samples. The data in 
table 2 do not indicate any correlation between the 
numbers of bacteria capable of initiating growth in an 
acid environment (LBS medium) and the final pH 
values of the sausage. In addition, no correlation was 


TABLE 5 
Physiological characteristics of pediococci isolated 
from fermented sausages (9 strains) 


No. of Strains 


Other 
~~ = 
Catalase produced: 
APT broth ee 9 
Glucose agar, 0.05% 4 7 


Litmus milk 
Final pH oe 
Acetylmethylearbinol — pro- 

duced 3 6 
Hydrolysis: 


3 acid; 6 no change 
3.7-3.8 


Sodium hippurate 9 
Esculin : .| 9 
Arginine........ ; 9 
Gelatin 8) 
Starch 9 
Growth: 
10C ae Bane 9 
30 C : ey le 
45C.. 9 
50 C 7 2 
NaCl, 5%; 30 C ee 
NaCl, 10%; 30 C i 7 2 
Fermentation :* 
Lactose. 2 7 
Maltose. . 2 7 
Sucrose 3 6 
Rhamnose 2 7 
a-Methyl-d-glucoside 2 7 
a-Methyl-d-mannoside.....| 4 3 
Glycerol, aerobic 9 
Glycerol, anaerobic 9 


* All strains fermented mannose, fructose, galactose, 
trehalose, glucose, and salicin. None fermented mannitol, 
dulcitol, sorbitol, adonitol, inulin, sorbose, melezitose, or 
dextrin. 
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observed between the moisture and salt conten: of the 
sausage and the viable bacterial count. Chara:teristj. 
cally, only traces of nitrite (less than 5 ppm) were dp. 
tected. The residual nitrate levels would indic:ite tha; 
the majority of manufacturers employed a mixed 
nitrate-nitrite or a nitrate cure. From the coicentra. 
tion of residual reducing sugar it could be jiferred 
that glucose or a mixture of glucose and sucrose, was 
used in the formulation of the majority of the sausages 
A small number of fermented sausages of the thu. 
ringer variety were examined and the predominant 
flora of these sausages consisted of pediococci (table 3), 
As noted previously these bacteria were not detected 
in the thuringer mixes. No explanation can be givey 
for the characteristic finding of pediococci in. this 
variety of sausage. No differences in formulation oj 
product or methods of processing that might act as 
selective agents for pediococci were observed in the 
manufacture of this sausage variety. Moreover, in both 
formulation and processing, the manufacture of thu- 
ringer and summer sausages appeared to be similar. 
Other varieties of fermented sausages were examined 
to determine the types and numbers of bacteria present 
and to correlate bacterial counts with the data obtained 
from the chemical analyses. Large numbers of lacto- 
bacilli usually were detected in the majority of thes 
miscellaneous sausages (table 4). Again, polysaccharide. 
forming lactobacilli were present in significant numbers 
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in most sausages and the concentration of moisture closely 
and salt had no profound effect upon the viable count. f Jensen 
The pH value of some of the samples was somewhat In t 
high (above 5.3). No texture defects could be noticed six ne 
in these samples due to the low moisture concentrations; f isolate 
however, some of the sausages were characterized by [have | 
their lack of a tangy flavor. the th 
Physiological characterization of the predominant flora. conces 
Several isolates from each fermented sausage were} The a 
subjected to an extended physiological characteriza-} in the 
tion. The 26 strains of polysaccharide-forming lacto-} as son 
bacilli isolated in this study were found to be very} sugar 
similar or identical to the polysaccharide-forming 
lactobacilli studied from ham curing sources (Deibel 
and Niven, 1959). These bacteria form a homogeneous 
group and their characteristics parallel closely those oi}, Lit 
Lactobacillus plantarum. One minor character of possible” the g 
import with regard to flavor was the ability of the) the s 
majority of the polysaccharide-forming strains from occur 
fermented sausage to produce acetylmethylearbino  Redu 
from sugar fermentation. Only a few strains from ham} first 


curing sources possessed this character. 

The remainder of the lactobacilli (32 strains) com- 
prised a heterogeneous homofermentative group. Op- 
timal temperature for growth of most of these strains 
was approximately 30 C. Growth at 40 C was partially 
or completely inhibited and only 3 strains evidenced 
weak growth at 45 C. Some characteristics not usually) 
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ysociated with lactobacilli were observed. Nitrate 
reduction Was detected with one strain which appeared 
» be similar to the lactobacilli described by Costilow 
and Humphreys (1955). Motility was observed in only 
io cultures in contrast to the widespread occurrence 
af such cultures from ham curing brines (Deibel and 
\iven, 1958). The collection was noted by a lack of 
correlation melibiose, pentose, inulin, and 
nfinose fermentation as proposed by Orla-Jensen 
1919) for the differentiation of Lactobacillus caser and 
|. plantarum. Moreover, only three strains possessed 
the ability to hydrolyze sodium hippurate. 
al. (1953) observed that L. caset characteristically 
hydrolyzes this substance. Among six strains tested, 


among 


Logos: 


all produced inactive lactic acid from glucose fermenta- 
tion, but produced an excess of the dextro-rotatory 
isomer. Thus, the majority of these lactobacilli did 
not conform to any described species but they resembled 
most closely L. plantarum. 

The physiological characteristics of the pediococci 
isolated from fermented sausage are presented in table 
5. All of the strains were homofermentative and none 
reduced nitrate. Unlike strains of Pediococcus 
cerevisiae studied previously in this laboratorye, no 


most 


cviccnce cf catalase activity was observed among sven 
of the nine strains when cultured in the low sugar 
agar of Felton, Evans, and Niven (1953). Thus, the 
physiological characteristics of all strains paralleled 
closely descriptions of P. cerevisiae (Pederson, 1949; 
Jensen and Seeley, 1954). 

In the formulation of the sausages from which the 
six nonsucrose-fermenting Pediococcus strains were 
isolated, a significant amount of glucose appears to 
have been incorporated into the sausage mix. None of 
the thuringer samples examined contained a significant 
concentration of residual reducing sugar (table 4). 
The ability to ferment sucrose would be advantageous 
in the choice of a starter culture from these bacteria 
as some manufacturers use mixtures of cane and corn 
sugar in the formulation of their products. 


SUMMARY 


Little or no microbial activity was detected during 
the generally practiced 2- to 4-day holding period of 
the sausage mix prio? to smoking. Microbial activity 
occurred mainly during the heating and smoking period. 
eduction of nitrate occurred generally during the 
first 2 to 16 hr of smoking and heating, while acid 
production was initiated usually after 8 to 16 hr. 
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The types and numbers of bacteria that occur in a 
variety of commercially produced fermented sausages 
have enumerated and identified. Lactobacillus 
plantarum comprised the predominant flora and a 
significant number of these bacteria were capable of 
synthesizing a polysaccharide from sucrose. Pedio- 


been 


coccus cerevisiae was observed frequently in sausage 
samples and were found characteristically in processed 
thuringer sausage. 
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Fruit juices are usually stored at low temperatures 
to retain their wholesome, fruity character for long 
periods of time. In the bulk storage of grape juice at 
22 to 28 F (—5.5 to —2.2 C), the quality of the prod- 
uct may remain materially unchanged for periods of 
1 year or more. Even with the most careful operations, 
however, yeast contamination of grape juice may occur 
and may lead to considerable loss. (Pederson et al., 
1959a). Safe yeast inhibitory agents which will not 
alter flavor nor produce other deleterious effects would 
interest the fruit juice industry. It is desirable to use 
a minimum of any fungistatic agent. Since grape juice 
is stored at temperatures approaching the minimal 
temperature range for growth of yeasts, concentra- 
tions of fungistatic acids lower than those ordinarily 
used may be effective. 


MATERIALS AND METHODS 


In a preliminary survey using 13 different chemicals, 
it was observed that sorbic, benzoic, salicylic, and 
ricinoleic acids were effective fungicides only in rela- 
tively high concentrations. Hypochlorites and certain 
were far more 
effective. Since grape juice is pasteurized and cooled 
before its storage, an effective fungistat rather than a 
fungicide is desired. 


quaternary ammonium compounds 


In a series of three preliminary studies, sorbic, ben- 
zoic, salicylic, caprylic, capric, and ricinoleic acids ex- 
hibited some fungistatic effect upon various yeasts 
inoculated into grape juice stored at 1.1 C. Yeast 
inhibition was observed in Concord and Niagara grape 
juices treated with only 0.005 per cent of acid. The 
degree of inhibition, however, was markedly reduced 
when the juice was held at 18 C or higher. Although 
eapric and caprylic acids seemed to be slightly more 
effective than sorbic and benzoic acids, they possess 
the disadvantage of imparting an undesirable flavor. 

Following these observations, four series of juices 
were packed, two inoculated packs in 4-ounce bottles 
incubated in the laboratory cold room at 1.1 C and 
two uninoculated packs in 50 gallon barrels incubated 
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in the —5.5 to —2.2 C storage rooms in six differey 
factories. 

In the first two series, selected strains of four gener, 
Candida, Torulopsis, and Hansenia- 
spora, representative of the yeasts prevalent in com. 
mercially stored grape juice (Lawrence, Wilson, andj 
Pederson, 1959), were added to fruit juices treated with 
inhibitory acids. Twenty-four-hour fruit juice cultures 
of these yeasts were added at about 300 cells per mj 
concentration. In the first series, Concord and Niagara fi 
grape juices were treated with 0.005 and 0.01 per cent 
of the acids, sorbic, benzoic, capric, and caprylic with 
suitable controls. Later, 4-ounce bottles of the sam 
lot of juice were treated with 0.015 per cent of the acids 
if growth had been observed at 0.01 per cent. In the 
second series, strawberry and apple juices were treated 
with 0.015 to 0.0216 per cent of the sorbic acid. In 
both series the juices were treated with the desired 
amount of the fungistat, heated to 170 F (76.7 C), 
filled into 4-ounce sterile bottles, capped, and cooled 
to 34 F (1.1 C). After cooling, the 
inoculated, plated for yeast counts, recapped, andB 
stored at 34 F (1.1 C). At intervals during incubation, 
the bottles were observed and plate counts were made 
Media and incubation temperatures were similar to 
those previously described (Lawrence et al., 1959). 

In the third series, 58 fifty-gallon barrels of Concort 
grape juices were stored in six commercial grape juic 


Saccharomyces, 


juices — wer 


storage rooms at —5.5 to —2.2 C. The barrels of jue 
were subjected to the random contamination encoul- 
tered in commercial storage rooms. In each set of thre 
barrels, one was treated with 0.015 per cent. sorbi 
acid, one with 0.015 per cent benzoic acid, and a third 
the control, was untreated. 

In two other sets in this series, barrels were filled 
with Concord grape juice from tanks in which yeasts 
had initiated growth. In each case, one barrel was 
treated with 0.015 per cent sorbic acid and one with} 
0.015 per cent benzoic acid. 

In the last series, three barrels of grape juice in com-| 
mercial storage at —5.5 to —2.2 C were treated with 
0.01, 0.0125, and 0.015 per cent sorbie acid. Also thre 
barrels, one each of currant, strawberry, and _ elder- 
berry, were treated with 0.015 per cent sorbic acid 
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= Fermented and sample 


Acid 


Control 
Benzoic 
Sorbie 
Capric 
Caprylie 


Control 
Benzoic 
Sorbie 
Capric 
Caprylic 


Control 
Benzoic 
Sorbie 
Caprice 
Caprylie 


Control 
Benzoic 
Sorbie 
Caprice 
Caprylie 


Control 
Benzoic 
Sorbie 
Capric 
Caprylie 


Control 
Benzoic 
Sorbie 
Caprice 
Caprylic 


Control 
Benzoic 
Sorbie 
Caprice 
Caprylie 


Control 
Benzoic 
Sorbie 
Caprice 
Caprylic 


Control 
Benzoic 
Sorbie 
Caprice 


Caprylie 


Control 
Benzoic 
Sorbie 
Capric 


Caprylic 


Control 
Benzoic 
Sorbie 
Capri¢c 


Caprylic 


Control 
Benzoic 
Sorbie 
Caprice 


Caprvlic 


disearded. 


TABLE 1 


Effect of 0.01 per cent of fungistatic acids upon growth of yeasts in Concord grape juice stored at 1 C 


Days 
29-35 


F* 
0 
0 
0 
0 


FP 

3C 
0 
0 
0 


30,000 
600 
330 

0 
0 


30,000 
2,500 
180 ,000 
0 

0 


30 ,000 
250 ,000 
80 
21,000 
600 


30 ,000 
300 ,000 
0 

250 

0 


290 
0 
0 
0 
0 


30,000 
0 
0 
0 
0 


w 


F 
126 ,000 
300 ,000 
0 
30,000 


30,000 
FP 

100 
310,600 
2,500 


30,000 
1,400 
0 

0 

0 


30 ,000 

F 
0 
0 
0 


Clarified juice 


Days 
70-78 


0 
0 
0 
0 


0 
0 
0 
0 


470 
510 
0 
0 


F 
800 


0 
0 


6,000 
,000 
, 800 


0 
80 


0 
0 
0 
0 


0 
0 
0 
0 


0 
3,000 


. 
A 


160 
F 
23 ,000 


FE 
13 ,000 
0 
0 
0 


F 
0 


0 
0 


FUNGISTATIC EFFECTS OF ORGANIC ACIDS 


Plate Count at 18 C 


Days Days 
171-179 29-35 
FE 
0 0 
0 0 
0 0 
0 0 
2,030 
0 30 
0 60 
0 0 
0 4,200 
30,000 
0 270 
160 330 
0 0 
0 0 
1,600 
0 20 
40 
0 0 
0 0 
30,000 
F 
170 ,000 60 
160,000 0 
300 ,000 0 
30,000 
F 
0 300 
22 ,000 300 ,000 
0 
0 
0 0 
0 0 
0 0 
0 0 
30 ,000 
0 0 
0 0 
190,000 
0 0 
F 
F 
F 
0 30,000 
11,000 10 
300 ,000 
300 ,000 
500 ,000 300 ,000 
390 
F 3,000 
2,900 
270,000 0 
0 0 
0 0 
0 0 
30 ,000 
F 
0 60 
0 0 
0 0 


Fresh juice 


Days 
70-78 


0 
0 
0 
0 


Pp 
6, 406 

0 
2,000 
5,000 


F 
30,000 
200 

0 

0 


F 
0 
0 
0 
0 
F 

70 


0 
0 


7,400 
0 

0 

140 


0 
0 


0 
0 


F 
5,000 


0 
0 


0 


240 


50 





Days 
171-179 


0 
0 
0 
0 


51,000 
0 

8,500 
190 ,000 


F 
40 

60 ,000 
0 


670 
0 
0 
0 


0 
0 
0 


210,000 


0 


0 


0 
0 


0 
0 


63 ,000 


320,000 
14,500 


0) 
0 
0 
0 


0 
0 
4,000 
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= Yeast 
|VOL, i —- 
Unlike the juices of the other series, these were not evidence of recovery is noted. The results w rrantef 
plated at regular intervals. further testing on a commercial basis. From | revioy, 
results (Pederson et al., 1959a; Pederson, Wilson, ay A 
RESULTS AND Discussion Lawrence, 1959b) it was known that contaninatio 
Each one of the four acids, sorbic, benzoic, capric, under commercial conditions would not be grea; 
and ecaprylic, exhibited a marked inhibition of yeast Furthermore, commercial storage temperatures ay 
growth in grape juice stored at 1.1 C (table 1). This lower than the temperatures used in this study. They 
confirms the preliminary observations. It may be noted vary from —5.5 to —2.2 C. Caprie and caprylic acid 
that in many instances the yeast cells had died within were not included in this further study since both 
a month of the time of inoculation. Several instances, impart a flavor to the juice. Among judges who sample 
however, were noted where growth occurred in treated the juices, no one was able to detect 0.015 per cey 
samples. No growth preference was noted for the fresh of benzoic or sorbie acid. 
or clarified juices. Strains of the genus Candida are In the first series of 58 barrels of juice packed, |y 
obviously more resistant to the inhibitory acids than received no additive. In 17 of these control barrel 
those of other genera. Sorbic, capric, and caprylic marked growth and fermentation were observed jy 
acids appeared to be more effective than benzoic acid 215 months or less (table 3). In the other two, markeif— ke 
toward the strains of the genera Candida, Hansenia- growth was not observed for about 5 months. A rediv- 
spora, and Torulopsis. In a second part of this series, tion in total solids, i.e., Brix, was noted in all control 
it was observed that yeast strains that had grown in Among the 39 treated juices, only 5 showed eviden« 
the presence of 0.01 per cent of fungistatic acids were of growth of yeast. In one barrel of benzoic acid treated 
inhibited by 0.015 per cent of the acid. juice (factory A) a count of 65,000 was observed after 
A more limited study of the effect of sorbic acid in 10 months of storage. The control had fermented iy 
strawberry and apple juices demonstrated the greater 2145 months. Two barrels, treated with benzoic acil 
effectiveness of this acid in apple juice (table 2). In (factory B) yielded counts of 2600 and 430 after | 
the less acid strawberry juices, however, three of the months, but in neither case had a reduction in totif~ 
four yeast strains grew in the 8° Brix juice and two soluble solids occurred. In the two other barrels (fa¢- 
grew in the 30° Brix juice when treated at the 0.015 tory C), one each with benzoic and sorbic acids, growth 
per cent level. occurred during an undetermined period when w- 
From these results it appears that several organic frigeration had been turned off for several days. \ 
acids are effective in delaying growth of inoculated record of temperature or period of time when the juic 
packs of grape and apple juices at 1 C. Although in had been allowed to warm up was available. 
many cases death of the yeast cells occurred, some Two series of chemically treated juices were of speciilf _ 
C 
TABLE 2 
Effect of sorbic acid upon growth of yeasts in apple and strawberry juices stored at 1 C 
Plate Counts when Incubated at 7 C and Sampled on: 
Yeast Culture —_ Apple juice Strawberry juice 8° Brix Strawberry juice 30° Brix 
9/23/59 10/20/59 1/5/60 4/8/60 9/23/59 10/20/59 1/5/60 4/8/60 9/23/59 10/20/59 1/5/60 4/8 
Saccharomyces sp. No. 9 0 2,000 TM* Fy F | 16 290 F F | 90 T™ F I D 
0.015 0 0 0 0 1 325 10,000 | 6,000 0 300 T™ | TM 
0.02 | 0 0 2 135 0 220 370 270 0 260 100 1 
Candida sp. No. 10 0 | 7,700 TM TM T™ 1 500 TM T™ 0 1 1,300 TM 
0.015 0 0 0 | 0 ] 5 TM 37 0 ] 0 () 
0.02 0 0 0 0 1 2 0 0 1 0 | T 
Hanseniaspora sp. No.11 | C 0 0 210 | 135!) 0 0 | 0; 103! 0O 0 Oo; OT 
0.015 0 0 0 0 0 0 31 15 0 0 0 1e— 
0.02 0 0 0 0| 0 0 0 0| Oo 0 ei a I 
Torulopsis sp. No. 12 0 6,000 T™ TM T™ 5 0 TM T™ 1 270 TM | TM 
0.615 0 0 0 ‘ 1 221 T™ ™ 0 3 0 ] 
0.02 0 0 0 0 2 12 T™ T™ 0 0 0 \ 
* TM = Too many to count at dilutions of 1:10. ; 
+ F = Fermented and discarded. 
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Acid Added 


Control 
Benzoic 
Sorbie 


Control 
Benzoic 
Sorbie 


Control 
Benzoic 
Sorbie 


Control 
Benzoic 
Sorbie 


Benzoic 
Sorbie 


Control 
Benzoic 
Sorbie 


Control 
Benzoic 
Sorbie 


Control 
Benzoic 
Sorbie 


Control 
Benzoic 
Sorbic 


Control 
Benzoic 
Sorbie 


Control 
Benzoic 
Sorbie 


Control 
Benzoic 
Sorbie 


Control 
Benzoic 
Sorbie 


Control 
Benzoic 
Sorbic 


Control 
Sorbic 


Control 
Benzoic 
Sorbie 


Control 
Benzoic 
Sorbie 


| Control 
Benzoic 
Sorbie 


Control 
Benzoic 
Sorbie 


Control 
| Benzoic 
Sorbie 


| 


ermentation evidenced by marked effervescence with counts in excess of 300,000, 
tefrigeration in rooms 


Date Packed 


12/58 
10/12/58 
‘12/58 


10/21/58 
10/21/58 
10/21/58 


10/30/58 
10/30/58 
10/30/58 


10/11/58 
10/11/58 
10/11/58 


10/17/58 
10/17/58 
10/17/58 


10/6/58 
10/6/58 
10/6/58 


10/14/58 
10/14/58 
10/14/58 


10/21/58 


Room 1 
Room 1 


Room 2 
Room 2 
Room 2 


Room 3 
Room 3 
Room 3 


10/14/58 
10/14/58 


10/22/58 
10/22/58 
10/22/58 
11/3/58 
11/3/58 
11/3/58 








TABLE 3 


11/14/58 


0 


0 
0 
0 


330 
100 
135 


0 
0 
0 


0 
0 
0 


0 
0 
0 


11/13/58 


0 
0 
0 


1 
0 
0 


0 
0 
0 


25 ,000 


0 
13 


0 
0 


0 
0 


mos 


Plate Counts when Incubated at 7 C and Sampled on: 


| 
| 


12/5/58 1, 


660 F* F 
0 17 3,400 
0 0 0 
0 F F 
0 0 0 
0 0 0 
57 29 ,000 90 ,000 
0 0 38 
0 0 0 
35,000 F F 
35,000 500 37 
35,000 5,200 810 
46 ,000 
34,006 
2,200 F I 
0 0 0 
0 0 0 
0 F F 
0 0 0 
0 0 0 
0 k F 
0 0 
0 0 0 
2/3/59 4/9/59 7/17/59 
F F Fk 
0 2,600 0 
0 0 0 
35 40 ,000 F 
0 430 0 
0 0 0 
F F F 
0 0 0 
0 0 0 
56,000 F F 
0 0 0 
0 0 0 
200 ,000 —t F 
0 — 290 
2 — 43 ,000 
0 _— F 
0 a 0 
0 o- 0 
12/5/58 as 
300 ,000 
0 
50,000 
0 
0 
F 
0 
0 
500 12,000 F 
0 3 | 0 
0 12 0 
780 53 ,000 F 
3 2 0 
0 0 0 
5,000 F F 
1 6 0 
1 0 0 


3/11/59 


8/7/59 


F 
65,000 
0 


F 
0 
0 


F 
0 
0 
PF 
2 , 006 
0 


4,500 
30 


and 3 discontinued several days earlier. Barrels transferred to room 1 on 4/10/59. 
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Yeast counts obtained from barrels of grape juice stored at —§.5 to —2.2 C contain ing 0.015 per cent benzoic acid or sorbic acid 


Total Solids 


Brix 
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) three barrels 
were filled on December 5 with juices from a tank in 
which a count of 35,000 per ml had been attained. When 
treated with benzoic or sorbic acid, a gradual decrease 
in count occurred. Eight months later, counts were 0 
in the sorbic acid and 2000 in the benzoic acid treated 
juices. The control exhibited marked fermentation 
within 24 days of barreling. A second pair of barrels 
(factory A), filled on February 28 from a tank yielding 
a count of 40,000, showed the effectiveness of each 
additive; counts after 5 months were reduced to 4500 
per ml by benzoic acid and to 30 per ml by sorbic acid 
treatment. 

The second series on three barrels of grape juice 
treated at levels of 0.01, 0.0125, and nes ), yielded 7 C 
counts of 203, 26, and 4, respe satiate. after 3 months 
of storage. Counts were only 13, 5, and 1 on plates 
incubated at 18 C. These counts indicate true psychro- 
philic growth. This psychrophilic character is empha- 
sized by counts at 7 and 18 C on control barrels. Their 
counts at 7 C were 220,000, 400,000, and 200,000 whereas 
at 18 C incubation counts were only 15,000, 140,000, 
and 16,000. 

No evidence of growth was noted in barrels of straw- 
berry, currant, and elderberry juices treated with 
0.015 per cent sorbic acid after 6 months of storage 
at —5.5 to —2.2 C. 

Sorbie acid, 0.1 per cent concentration of benzoic 
acid, and their potassium and sodium salts are now 
listed by the Federal Register, December 9, 1958, as 
substances that are generally recognized as safe addi- 
tives by the Food and Drug Administration, Depart- 
ment of Health, Education, and Welfare. The mode of 
action of the additives is not clear. Pfizer Data Sheet 
No. 543 states that sorbic acid (Sorbistat K) is a fun- 
gistatic agent insofar as it does not kill organisms, but 
inhibits their growth by blocking their metabolism. 
Technical Information Sheet F8526 A, July 1955, 
concerning sorbic acid and issued by Carbide and Car- 
bon Chemicals Company, states the belief that sorbic 
acid inhibits growth because of its unsaturated fatty 
acid structure, which is similar to the products of the 
enzymic dehydrogenation reaction. 

Levels of 0.04 to 0.10 per cent of sorbic or benzoic 
acid have been considered essential to give adequate 
protection to acid foods when stored at room tempera- 
ture. Many individuals, however, can detect the flavor 
of benzoic acid at these levels. Recently Auerbach 
(1959) has observed that some individuals can also 
detect a 0.04 per cent concentration of sorbic acid in 
wine. In this study it has been observed that adequate 
protection of grape and apple juices was provided by 
the additions of only 0.01 to 0.015 per cent of sorbic 
or benzoic acids when the juices were stored at —5.5 
to —2.2 C. 


interest. In one case (table 3, factory 


Carbide and Carbon Chemicals Technical Informa- 
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tion Sheet F8526 states, however, that prop r playff  R-! 

sanitation is necessary when using sorbic aid and bolic 
. rol 

Pfizer Data Sheet No. 543 states that heavily ¢ontanj.§e 


nated foods or foods prepared under poor nitary oe 
conditions will not benefit from use of ‘“Sorbis:at kf beat 
This becomes increasingly important when t!ie coy. Bact 
centration of fungistatic agent is low. Laweanc 

It may be theorized that yeast metabolism is altere( os 
at low temperature. This concept of metabolic injury ae 


by cold is in harmony with the theory of injury byffysusoy. 
heat, ultraviolet irradiation, and toxie chemicals heat- 
Heinmets et al. (1954a, 1954b) indicated that a revival 4 3 
of heat or chemically injured cells may result from§!’?"™° 
utilization of certain metabolites of the Krebs cycle 
The report of Curran and Evans (1937) indicates that 
organisms which survive treatment by physical 
chemical agents are more fastidious in their nutritiy 
requirements than unexposed cells. These observations 
were confirmed by Nelson (1943). 

Robinson and Hills (1959) observed that mild heating 
at 120 F (48.9 C) in the presence of 0.05 per cent sorbic 
acid greatly increased the shelf life of cider, peact 
slices, and fruit salads. In the presence of 0.05 per cent 
sodium sorbate, heat treatment at 100 F (37.8 C) for 
5 min destroyed 50 per cent and at 120 F (48.9 C) for 
5 min destroyed 99 per cent of the yeasts present. 
Pederson (1936) and Pederson and Tressler (1958 
observed that when benzoic acid was added to fruit 
juices, the yeasts present could be killed at a lower 
pasteurization temperature. 
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SUMMARY 


Air. 

The storage life of fruit juices held at —5.5 to -22F ayy 
C may be extended for several months by addition if a1 yg 
small quantities, 0.01 to 0.015 per cent, of severlf jadon 

fungistats, such as sorbic, benzoic, capric, and capryli settlin 


acids. The gradual reduction in plate counts in conf yo), 
taminated juices indicates a slow death of the micro} contri 
organisms, possibly due to some disturbance of meti} oho, 


bolic processes. These concentrations of benzoic or sorbir eicta 





acid are apparently below the taste threshold of thel govicg 
majority of people. The effectiveness of the additiveh oijco, 
combined with low temperature may be considerel[)}. .to; 
comparable te the effectiveness of additives used itl pocte, 


heat processing, or to that of ,several chemical sub) size of} 


stances used in conjunction with proc essing temperi- The 


tures of various foods. comp: 
5 ticles 
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The valid test of a germicidal product formulated 
for hospital use is its bacteriologic evaluation in the 
hospital under actual conditions of use. Bacteriologic 
monitoring of hospital floors, air, equipment, furniture, 
and textiles with quantitative techniques must be done 
continuously to capture the shifting mobile of their 
bacterial population. 

MATERIALS AND METHODS 

Air. Two types of air cultures are of value—volume 
air cultures and fall-out or settling plates. Both types 
are used to determine properly the number of bacteria- 
laden particles in suspension as well as the number 


> to —22 
Idition oi 
f several 
1 capryli settling out on surfaces. 
sin Col Volume air cultures are made with the Wells air 
centrifuge, the slit sampler, or the Millipore filter. 
Other sampling devices are available (Public Health 
Service, Public Health Monograph No. 60); however, 


ne Micro- 
of meta- 
or sorbic 





Id th devices which collect organisms into a liquid which 
- eit subsequently is plated out break up aggregations of 

ONS rel : . 

sae Pe bacteria and, therefore, do not reveal the number of 
used in 


bacteria-containing particles in the air; nor can the 


ical sub} size of these particles be determined. 


temper) The Wells air centrifuge and the slit sampler are 
comparable and more efficient in recovering fine par- 
5 ticles than other devices (Wells, 1955). The Millipore* 
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filter (type AA) has an average pore size of 0.80 + 
0.05 uw; but, unlike the other two machines, it traps 
organisms in an air stream throughout the period of 
sampling, and care must be taken to prevent the loss 
of bacteria due to excessive drying. Each of these 
devices is portable and convenient to operate. Selective 
media can be used for isolation of organisms of special 
interest. 

Settling plates simply indicate the amount of fall- 
out and give no indication of the organisms that remain 
suspended. Since a Petri dish is approximately 5 sq 
ft, a 15-min exposure represents the fall-out per square 
foot per minute. Settling plates can therefore give 
quantitative results of particles with a settling velocity 
of 1 ft per min or greater. The positioning of these 
plates in an open area is another important considera- 
tion because air currents, projecting shelves, or furni- 
ture may prevent representative collections. 

The two types of air cultures when taken simul- 
taneously can serve to give valuable information. The 
area count in terms of organisms settling out per square 
foot per minute, divided by the volume count, or 
density of organisms, per cubic foot, gives the settling 
velocity in feet per minute, which in turn serves to 
‘ategorize dimensions of the particle (Wells, 1955). 

Floor. Floor cultures are taken by a modification 
of the standard method for culture of dishes (Subcom- 
mittee on Food Utensil Sanitation of the Committee 
on Research Standards, 1944). A sterile swab dipped 
in 5 ml of Butterfield’s buffer, containing an inactivator 
as necessary, is used to rub a 5-cm? area of floor, out- 
lined by an aluminum template. The swab is returned 
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to the buffer, the tube is shaken vigorously, and 1-ml 
aliquots of the buffer are plated in duplicate. The 
plating medium can be a nutrient agar such as Trypti- 
case soy or tryptic digest. After 48 hr incubation, the 
colonies are counted; the average of the two duplicate 
plates is recorded as the number of organisms per square 
centimeter of floor. 

Floor cultures are useful in testing the efficiency of 
floor-cleaning agents and equipment. They also reveal 
problems which would otherwise be unrecognized. 
Contaminated waxes, floor brushes, and mops have 
been traced by this technique. It is recommended, 
however, that at least three cultures be taken from 
different areas of the floor in a room so that an ex- 
tremely high count because of spillage of soil in one 
area will be appreciated as such in an otherwise sani- 
tary room. 

Textiles. Cultures of textiles should be done, ideally, 
by grinding up a definite-size or -weight piece of the 
fabric to be tested in sterile buffer and plating out the 
suspension in nutrient medium. Since this involves 
destruction of the article, the number of such tests is 
limited by hospital economics. A method which is 
rapid, quantitative, and does not damage the textile 
has therefore been devised. If done carefully, cultures 
can be made of linen at the patient’s bedside with no 
objectionable soiling. 

A flat-bottomed flask, or jar, with a diameter of 8 
cm is wiped with a sponge saturated with 70 per cent 
ethyl or 60 per cent isopropyl alcohol. The flask is air- 
dried. The textile is stretched over the base and pressed 
firmly against the blood agar surface in a Petri dish. 

Masks from surgery can also be cultured in this 
manner. Upon removal they are placed in individual 
paper bags, labeled as to time worn and by whom they 
were worn, and then sent to the laboratory; an impres- 
sion plate is then made. The side worn toward the face 
can be determined by examination; this is the side 
tested. The advantage of this technique for culturing 
masks lies in its simplicity in identifying carriers of 
staphylococci and, even more important, in detecting 
prolific shedders. 


TABLE 1 


Bacteriology of operating room floors; 6-month study 


Bacterial Counts per 
Square Centimeter 


Room Product - a 
5 Organisms | 10 Organisms 
or fewer or fewer 

= oa m = ae 
1 Quaternary A 22 50 
2 Iodophor 465 81 
3 Synthetic Phenolic 54 82 
4 Quaternary B with TSP 31 67 
5 Quaternary B with TSP 50 75 
6 Quaternary B 22 82 
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This technique can be refined further by n suring 
the area of the impression and calculating the | acterig| 
population on the basis of organisms per squa:e foot. 

Since the introduction of germicidal soaps aii rinse 
for the laundry, tests have been developed to «valuate 
this treatment. The most commonly used tes is the 
Agar plates seede( 
with Staphylococcus aureus strain 209, preferally hay. 


zone-of-inhibition determination. 


vested from overnight growth on agar slants to elini. 
nate protein introduced by broth cultures, are sed gs 
a base for the immersion of swatches of the treated 
textile. Control pieces with no treatment may be placed 
on the same plate. After incubation for 24 hr, zones of 
inhibition are observed and recorded. The size of the 
zone may be measured; however, this can vary de. 
pending on the number of organisms in the seeded agar, 
the thickness of the agar, and the degree of leaching 
of the product used in the treatment of the textile, 

Another test, which is more revealing, consists o/ 
cutting identically sized pieces of the textile with 
cork borer, placing equal amounts of a bacterial sus 
pension, usually S. aureus strain 209, upon each piece 
After regular, previously determined exposure times, 
the pieces are dropped into known volumes of inactiva- 
ting solution, shaken, and plated out in duplicate. This 
records the die-away of the staphylococci on the treated 
textile. Untreated textile is tested simultaneously as i 
control. This method, though considerably more time- 
consuming, is more meaningful. Because an inactivating 
solution can be used, bactericidal and bacteriostatir 
results are differentiated. Plotting the logarithm of the 
surviving organisms against time yields more cot- 
clusive information than simply the presence or the 
absence of zones of inhibition. 

Furniture, shelves, and lights. Quantitative bacterio- 
logic tests are difficult to perform with precision on ii- 
tricate surfaces. If furniture is carefully wiped with: 
clean cloth wrung out of germicidal detergent, smal 
areas of 1 cm? will be sterile. A semiquantitative metho 
of swabbing a 6-in-square (6 by 6 in.) area with I! 
strokes, using a moistened cotton-tipped applicate! 
and streaking it out on a blood agar plate, will reve: 
the degree and the character of contamination. 


RESULTS 
live different germicidal detergents available fo 


floor care were tested in the operating suite over : 
period of 6 months. Cultures were obtained in ea¢ 


operating room at 6:30 in the morning. The floor} 


had been flooded with the germicidal detergents during 
the night (table 1). At the level of 5 organisms or fewe! 
per square centimeter, a chi square test gave a statisti 
cally significant difference among the products (P < 
0.02). The synthetic phenolic gave the best results 
followed by the quaternary with trisodium phosphat 
(TSP), and then the iodophor. At the level of 10 01 
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nisms or fewer per square centimeter, no statistically 
jonificant differences could be calculated (P = 7.5). 

‘Another method of statistical analysis called “rank- 
ing” (Moroney, 1953) was used. Daily evaluation was 
lone; the floor with the lowest count for the day was 
sven the rank of one while the highest count of the 
day was given the rank of six. According to this 
method, the best rank for the 6-month test was calcu- 
lated for the synthetic phenolic; the second, for the 
iodophor. Quaternary B with trisodium phosphate 
rated third and fifth, and plain Quaternary B rated 
fourth; plain Quaternary A, sixth. These results were 
tatistically significant in that the ratings showed a 
ignificant agreement from day to day for each germi- 
cide tested. 

To eliminate the criticism that perhaps the bacteri- 
ology of the six operating rooms was inherently differ- 
ent, a synthetic phenolic was used in all the rooms. 
Again, the ranking analysis applied. The results showed 
no statistically significant difference among the rooms. 

Another floor product that has been tested is germi- 
cidal floor wax. A 14-bed surgical ward was flooded 
with a nongermicidal detergent. The waxes to be tested 
were applied in bands alternating with nonwaxed areas. 

Three cultures were taken on each band—right, left, 
and center—to determine whether any residual effect 
could be detected. The floors were dry-vacuumed daily 
s that wetting of the floor was eliminated as a factor 
in spreading or abetting the action of the germicide. 
Two such experiments conducted in this ward, one for 
10 days and the other for 17 days, did not yield statis- 
tically significant results. It was then decided to use 
the corridor for testing to eliminate contamination 
from infected patients that might occur in some test 
areas in the ward. The corridor would still reflect the 
bacteriology of the hospital wards (4000 pairs of feet 
were counted passing through in 24 hr). One experi- 
ment conducted for 17 days and another for 27 days, 
with daily cultures, did not yield statistically signifi- 
cant results among the bare floor, a number of waxes 


TABLE 2 
Bacteriology of the wash cycle* (April 29, 1959) 


Organisms per Ml 


Process Temperature , Water Level 


Fill Dump 


F in 
Sl ] 0 137 5 
2nd Suds ee ry 0 1 141 5 
CO 1 0 146 10 
2nd Rinse Ds l 0 110 10 
3rd Rinse. . ry \ 1 135 10 
{th Rinse { j 10 
Germicidal textile 
lubricant. ........ 0 0 5 


* Three hundred pounds of mixed, unsorted hospital linen. 
t Germicidal textile lubricant used since April 25, 1959. 
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containing a germicide, and a wax with no germicide. 
The sole apparent advantage in using waxes with ger- 
micides is the prevention of contamination of the wax 
during storage. Waxes heavily contaminated with 
gram negative rods have been found. This was detected 
during routine floor monitoring when cultures of a 


TABLE 3 


Bacteriology of the wash cycle* (April 24, 1959) 


Organisms per M1 


Process : Temperature | Water Level 
Fill | Dump 

F in 
Ist Suds oe 4 520 138 5 
2nd Suds wae 110 590 142 5 
Ist Rinse... , 38 440 149 10 
2nd Rinse... 73 460 152 10 
3rd Riuse » 90 360 10 
4th Rinse “F 66 560 10 
DOURT ccc e ss 390 430 5 


* Three hundred pounds of mixed, unsorted hospital linen. 
7 Germicidal lubricant had not been used since March 23, 
1959. 
TABLE 4 
Die-away of Staphylococcus aureus strain 209 on 


treated textiles 


Control; 


Time Textile A Textile B Home-Laundered 
Sheeting 
hr i _— 
0 360 ,000* 360 ,000* 360 ,000* 
2 0 50,000 80,000 
4 0 700 93 ,000 
6 0 0 96 ,000 


* Represents the organisms recovered from the control 


piece of textile at 0 time. 


TABLE 5 
Patient (N. W.) maintained in isolation technique 
for exclusion of organisms 


: ae na ‘ 5 a - 
Date of July, 1958 Volume Air Airt Fall-out per Floort Counts 


Organisms per Ft Ft? per Min per Cm? 
3 1:2 3.5 
8 0.7 a ] 
10 1:2 3.3 4 
14 | Pa 2.7 2 
17 2.4 5.3 2 
22 0.9 2.4 2 
25 3.9 6.3 5) 
29 0.2 1.9 1 
31 1.8 5.1 4 
Avg hte be oa 2.6 


* Volume air counts are an average of 9 to 23 individual air 
samples each day. 

+ Settling plate counts are an average of 4 plates. 

t Floor counts are an average of 3 daily samples plated in 
duplicate. 
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freshly flooded and waxed floor gave too-numerous-to- 
count pour plates because of a pseudomonad. The 
contamination of a floor wax with S. aureus has also 
been described (W. C. Freeman, Personal Communi- 
cation). 

Impression plates of clean linen yield but 1 organism 
per plate or, extrapolated, 20 organisms per square 
foot. Clean blankets show the same _ bacteriology. 
Blankets are usually not exposed to temperatures high 
enough for bacterial destruction during the washing 
procedure, nor are they ironed or tumbled. For this 
reason they must receive either a presoak in germicide 
or a final rinse in germicide; they must also be protected 
from bacterial fall-out during drying. British workers 
(British Launderers’ Research Association and the 
International Wool Secretariat, 1959) and a Mel- 
bourne hospital (T. A. Pressley, Personal Communica- 
tion) have reported a boiling-water washing for woolens, 
using an anionic detergent at a neutral or slightly acid 
pH and have found no shrinkage after 200 such laun- 
derings. 

Plate counts of the wash water during the laundry 
cycle indicate the degree of bacterial contamination of 
the incoming linen. A germicidal rinse will inhibit 
proliferation of bacteria in moist, soiled linen as it 
awaits laundering. The bacterial counts of the wash 
water will reflect this inhibition as well as the effect 
of temperature, pH, sour, and bactericidal rinse upon 
the organisms at various stages in the wash cycle. 
Table 2 shows the results of cultures made during : 
typical laundry cycle of linen which has been repeatedly 
washed with hexachlorophene-containing tallow soap 
and treated with a germicidal textile lubricant. Table 
3 shows laundry-cycle bacteriology when no germicidal 
rinse was used for 1 month. Table 4 represents the 
results of an experiment in which uniform, circular 
swatches (12 mm in diameter) of treated pieces of 
sheeting are inoculated with S. aureus strain 209 and 
cultured by the pour plate method after inactivation. 

The final and most important test of all germicidal 
products is in the resultant composite bacteriology of 
a room in actual use, a room which has been cleaned 
by spraying walls with germicidal detergent and squee- 
geeing dry, wiping furniture, and flooding the floor 
with germicidal detergent; a room in which the bedding 
has been sterilized with ethylene oxide and ventilation 
controlled by intake of filtered outdoor air, casual 
contamination by droplet nuclei from the hospital 
area being prevented by a curtain of ultraviolet light 
over the door. Patients can be, and have been, kept in 
rooms with the bacteriology shown in table 5. 
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Operating room bacteriology is comparable. | ighteey 
operations were followed from the preparatio:: of th 


patient to the closing of the wound. The avi 


age air 
sample showed 5 organisms per cubic foot of sir With 
a fall-out of 4 bacteria-carrying particles pei Square 


foot per minute. This bacteriology characterizes thp 
most aseptic environment achieved in a hospital with 
12 changes of air an hour, of which 8 per cent is recire, 
lated through an electrostatic air cleaner. 

Ward bacteriology followed for a period of 4 years 
has shown that air counts of 20 or fewer organisms per 
cubic foot with a fall-out of 20 or fewer can be attained 
in an unventilated area by the use of germicidal deter. 
gents for floors, walls, furniture, and equipment; ger. 
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micidal textile rinses; and training of personnel in tech. 
niques for reducing bacterial dissemination. ‘Standard 
have been established on the basis of data collected iy 
this 4-year study (Walter, 1958). 


SUMMARY 


The population of bacteria in any hospital environ: 
ment is the resultant equilibrium of the numbers intr- 
duced by patients, personnel, and air currents and their 
removal by cleaning procedures and ventilation. If the 
methodical removal of organisms does not keep pace 
with the increments, bacterial counts rise. For this 
reason bacteriological monitoring is indispensable for 
evaluating adequate cleaning procedures. 

Properly used effective germicides will show a statis 
tically significant difference in bacterial counts on the 
surface on which they are used and will also lower 
volume air and fall-out bacterial counts by decreasing 
the number of organisms available for dissemination. 


A hygienic environment can be defined by its bae- 
teriology. 
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The introduction into large scale commerce of frozen 





ollected gproblems of detecting fecal contamination of foods. 
There is much evidence in the literature that the meth- 
yds commonly applied for the detection of fecal indica- 
jor organisms in water and milk are unsatisfactory 
when applied to foodstuffs (Larkin, Litsky, and Fuller, 
i environ-£1956; Zaborowski, Huber, and Rayman, 1958; Kereluk 
bers intr-fand Gunderson, 1959). This is true even in the case of 
s and theirfshellfish where such methods have been used for many 
ion. If thefyears (Kelly, 1960). It is widely recognized that coli- 
keep pacefform most probable number (MPN) count has a very 

For thisflimited usefulness in this respect because of the diverse 
nsable forforigin of the organisms included in the coliform group, 
many of which derive from nonhuman sources and 
Vv a statisfmay normally be expected to be present on raw or 
its on thefPmanufactured food products. Considerable attention 
so lowerfhas been paid therefore to the estimation of the so- 
lecreasingfcalled truly fecal organism, Escherichia coli type I. 
mination. The EC (44.5 C) confirmation test of Hajna and Perry 
y its bac-f (1943) has been widely utilized to isolate this organism. 
The value of this test in assessing the sanitary quality 
of potable waters has been generally recognized and 
its extension to shellfish and frozen foods has been 
advocated. Nevertheless, several workers have reported 
results which cast doubt on the specificity of the EC 
test itself, particularly when the strains of /. colt are 


the Inter. 

mperature 

1, Englanc 
Penguit} in a minority in the total coliform flora (Tennant, 

nd eid, and Bynoe, 1960). 

sical aero) Ty the course of a general study of the bacteriological 

quality of frozen precooked seafoods in which we at- 





2 
pena _ tempted initially to apply the recommended procedures, 
anitation.. we encountered results which were inconsistent and 
erratic. This led us to consider the validity of the test 
procedures and the work reported in this paper con- 
stitutes an evaluation of the EC (44.5 C) confirmation 
test when applied to certain frozen seafoods. 
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MATERIALS AND METHODS 


Samples of fish sticks, oysters, and other frozen 
seafoods were obtained from the processing line of a 
local frozen precooked seafood processor. Samples were 
tested both in the uncooked and precooked state. In 
addition, samples of batter and breading material 
used in processing the fish sticks were examined. Also 
swabs, made by streaking known areas of the process- 
ing line aseptically at various vantage points of pos- 
sible contamination, were tested. A total of 163 sam- 
ples were examined as follows: codfish, 79; halibut, 4; 
perch, 4; smelt, 1; oysters, 8; batter, 43; breading 
material, 2; and 22 swabs taken from the processing 
line. Frozen samples were thawed in a 37 C incubator 
for 44 to 1 hr depending upon the size and thickness 
of the sample. Then 200 g of each sample (seafood as 
well as breading material) were blended with 300 ml 
of sterile phosphate buffer, pH 7.2, in a sterile Waring 
Blendor for 2 min, and further decimal dilutions made. 
Batter and swab samples were prepared by serial dilu- 
tions in phosphate buffer. The procedure for the enu- 
meration of EF. coli was essentially the same as the 
recommended method for shellfish (Kelly, 1960) except 
that characteristic colonies from eosin-methylene-blue 
(IMB) agar plates were subcultured into lauryl Tryp- 
tose broth’ (LTB) at 35 C (AFDOUS-NAFFP proce- 
dure‘) instead of lactose broth. Appropriate decimal 
dilutions were inoculated into LTB and incubated at 
35 C. Subcultures were made from positive tubes at 
24 and 48 hr into EC medium’ and incubated at 44.5 
C in a water bath. EC tubes were examined after 24 
and 48 hr. Positive tubes showing gas were streaked 
on EMB agar plates which were then incubated at 35 C 
for 24 hr. Colonies showing the characteristic metallic 
sheen were then picked from EMB agar plates and 
subcultured into LTB which was incubated at 35 C up 
to 48 hr. Positive LTB cultures in this sequence were 
then carried onto nutrient agar slants. Each culture 


3 Difco Laboratories, Inc., Detroit, Michigan. 

‘ Procedure recommended by The Association of Food and 
Drug Officials of United States and National Association of 
Frozen Food Packers. 
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was Gram stained and subjected to the IMViC pro- 
cedure. 


{ESULTS 


An analysis of 48 samples showing positive EC test 
out of a total of 163 samples examined is shown in 
table 1. The data are arranged in ascending values 
of the EC MPN count. It will be noted that this se- 
quence is not maintained by the MPN count based on 
the completed test. Indeed there is little apparent. cor- 
relation between these two sets of results. Some samples 
which give a high EF. coli count on the basis of EC test 
give a low MPN count when corrected according to the 
results of the IMViC procedure. Only 16 samples (33 
per cent) out of the 48 actually were confirmed to 
contain E. coli type I by the completed test. More- 
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over, of the 143 EC gas positive tubes derive: 
above samples, only 40 (28 per cent) were 
contain LF. coli type I. 

In table 2, we have shown the relationshi; 
the reactions in each stage of the completed te 
identification of the organism actually present. | 
be noted that a large number of false positives 
in the EMB confirmatory step. The modified | 
in which cultures were picked from EMB ag 
directly into EC medium and incubated ai 
yielded a reduction in the number of false | 
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Thirty-four of the 1483 EC gas positive cultures faile 


to give characteristic colonies on EMB aga 
Of the remaining 109 cultures yielding char: 
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ABLE 1 
Comparison of MPN counts of fecal Escherichia coli as estimated 
EC confirmation test and by the IMViC 


completed test 




















Confirmation | 





|___Test: Mn tire 
ILTB—> EC - -EMB through on 
No. of Samples | 35 C) (44.5 C) No. of wild vr 
Giving Positive | : Positive 
EC Test | EC Tubes po ho 
| omy ring | OWN 
typeI | 
6 36 6 0 <23 
2 73 1 Oo | <23 
] 91 2 0 <23 
des 230 3 | 43 
iss 230 3 2 91 
2" 360 4 2 360 
2 360 2 0) <240 
leg 430 4 4 430 
2 730 } 0 <240 
Sl 750 2 2 750 
6 910 12 0 <240 
2" 930 10 10 930 
” 930 5 1 43 
7 1500 6 2 73 
1 1500 3 0 <240 
1 2100 7 0 <23 
lg 2100 7 5 930 
1* 2300 3 1 <460 
2 3600 y 0 < 2400 
] 3900 4 0 <240 
* 4300 4 2 910 
3 9100 6 0 < 2400 
2 9300 10 0 <240 
lag 9300 8 6 350 
2 23 ,000 6 0 < 2400 
1 24,000 6 0 <240 
a 24,000 12 2 <460 
Total 48 143 40 






* Sixteen of the 48 samples which gave positive EC test 
actually contained EZ. coli type I. The remaining 115 samples 
out of a total of 163 samples examined gave negative EC test. 


lar types, and 6 per cent Aerobacter aerogenes type | 
The remainder were E. coli type II, EF. freundii typ 
II, A. aerogenes type LI, and unclassified citrate pos 
tive coliforms. 


DIscUSSION 


The EC medium is not of itself inhibitory to coli 
forms other than LF. coli. In fact, the elevated tempera 
ture of incubation is the sole factor responsible for th 
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supposed specificity of the medium. However, ther 
is abundant evidence in the literature that. coliforns 
other than fecal FL. coli will grow and produce gas at 
44.5 C (Brown and Skinner, 1930; Burke-Gaffney, 
1932; Bardsley, 1938; Raghavachari and Iyer, 1939: 
Taylor, 1941; MacKenzie, Taylor, and Gilbert, 194: 
Wattie, 1948; Thomas et al., 1955). Several worker 
have reported high recoveries of EF. coli type I by the 
EC method (Tennant, Reid, and Rockwell, 195! 
Kelly, 1960), but at the same time have noted the ine: 
dence of other coliforms giving rise to false positives 
Tennant et al. (1959) have reported that in applying 
the EC test to clams, 26 per cent of the gas positiv 
samples contained coliforms other than FE. 


coli typ 


I. The most common causes of false positives (23 pe 


cent) reported were irregular type VI (——++) aw 
A. aerogenes type II, the remaining 3 per cent included 
E. freundii types I and II, irregular types (—+—- 
——+-—, and —+++). Geldreich et al. (1958) tested 
a number of coliform types derived from surface water 
and reported that 93 per cent EF. coli type I, 77 per cen! 
irregular type (+++ —), 22 per cent irregular typ 
IT, 12 per cent FE. freundii type II, 11 per cent A. aerog- 
enes type I, and smaller percentages (1.8 per cell 
to 4.2 per cent) of A. aerogenes II, E. freundii type ! 
and the unclassified irregular types gave gas positiv 
KC reaction at 45 + 0.3 C in a water bath. 

The occurrence of false positives in our studies dw 
to EF. freundii types I and II, A. aerogenes types | 
II, and various irregular types is not therefore con 
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pletely unexpected. However, the very low recovery 
oi £. coli type I from the seafood samples is worthy 
o note. This may be due to a rapid overgrowth of 
f. coli type I by other coliforms in EC tubes before 
aibeulturing on EMB medium as reported by Litsky, 
Mallman, and Fifield (1955). Moreover, as is shown 
in table 2, pure cultures of FL. coli type I, EF. freundii 
wpe I, irregular type (+ ——-—), and the irregular 
type (—+++) alone can give gas under the condi- 
tions of the EC test. Also we found that pure cultures 
of E. freundit type 1, A. aerogenes type I, and irregular 
ype (—+++), when mixed in random proportions, 
yere capable of producing gas in EC medium at 44.5 
(. This is strong presumptive evidence that organisms 
sich as those we have identified were, in fact, respon- 
sible for the false positive reactions. 

The dangers of relying the characteristic 
metallic sheen appearance of colonies on EMB agar 
plates as confirmation of the isolation of EF. coli are 


upon 


underlined by our results. Out of 109 colonies showing 
characteristic metallic sheen, 69 were shown by the 
IMViC procedure to be coliforms other than F. coli 
ype I. Tennant et al. (1959) have also reported that 
the production of a characteristic metallic sheen on 
EMB medium is not a reliable criterion of the presence 
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of E. coli and also noted that typical EF. coli colonies 
may lose their metallic sheen after 24 hr or, as 
xperience, overnight storage in the refrigerator. 


in our 
More- 
sheen 
at all 
lected by over 4 months of storage in the refrigerator. 


wer, we observed that characteristic metallic 
ven by an KF. freundii type I strain was not 


The repetitions of the false positives in the second 
TB stage are not unexpected, since this step is predi- 
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‘ated upon the assumption that pure cuitures of L. 
coli type I are attained from colonies showing a metallic 
sheen on EMB agar plate. As a practical measure, we 
have observed that retesting of positive EMB colonies 
with the EC procedure eliminated over 70 per cent of 
the false positive results. The necessity for introducing 
some such modification in the EC procedure when 
applied to frozen foods is emphasized by the very low 
recovery (28 per cent) of HF. coli type I which we have 
obtained using the commonly followed technique. The 
reasons for the poor results of the test when applied 
to such materials have not been completely identified. 
Tennant et al. (1960) have noted that the per cent 
recovery of E. coli type I was higher in clean than in 
polluted waters. The presence in foods of a large hetero- 
geneous flora containing a wide variety of coliform 
organisms may therefore in itself tend to discredit the 
specificity of the test. Also, the addition of food ma- 
terials, such as tested here, to the medium may tend 
to alter the composition of the medium sufficiently 
to reduce its selective performance at the elevated 
temperature. 
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SUMMARY 


An evaluation of the EC (44.5 C) confirmation test 
for the estimation of Escherichia coli type I as an index 
of sanitary quality of frozen seafoods (uncooked as 


TABLE 2 


Per cent detection of Escherichia coli and other types from positive EC cultures 





IMViC Type of Organism ane. Per Cent 
++--— E. coli type I 40 28 
—+-- E. coli type II 2 1.4 
—-—+4 Aerobacter aerogenes type I 9 6.3 
+—+444 A. aerogenes type II 3 24 
—+-—+ Escherichia freundii type I 29 20.3 
++-—+ E. freundit type II 5 3.5 
+——— Irregular type 9 
+4 — Irregular type 1 1.2 
—+++4+ Irregular type 4 i 
+444 Irregular type 2 
Reena + Unclassified 5 3.5 
eos Unclassified 34 23.8 

UMNIES oo cian toe ane Rr ee 143 





aaa 
> ——> —> -——— 
ee cee) | Sune Ee Ry Gram Staining 
. = ——— —— 
J. + + + a Negative rods 
+ + _ oa + Negative rods 
+ + = _ Negative rods 
+ + oo + - Negative rods 
+ os + + _ Negative rods 
4 4 +. + + Negative rods 
+ + + + + Negative rods 
+ + + + - Negative rods 
+ + + + Negative rods 
+ + on _ Negative rods 
~ + ~ 
+ = = 
*EMB: + = Colonies showing typical metallic sheen. 


ithe lower arrows show the modified sequence. 





+ Modification of the recommended procedure. The upper arrows indicate the recommended sequence of the procedure, whereas 








174 


well as precooked) and processing raw material was 
made. Out of 163 samples tested, 48 gave positive EC 
test, but only 16 (33 per cent) samples actually 
contained fecal FE. coli. A total of 143 EC gas positive 
cultures thus obtained were submitted to the IMViC 
procedure. It was found that 24 per cent of these EC 
gas positive cultures, failed to give characteristic colo- 
nies on eosin-methylene blue (EMB) agar plates, 28 
per cent were £. coli type I and 48 per cent were other 
coliform bacteria such as: 20 per cent Escherichia 
freundit type I, 11 per cent irregular types (+ ——-—, 
+4+4+-, -—+++4+, +++-+), 6 per cent Aerobacter 
aerogenes type I, 3.5 per cent E. freundii type I, 2.1 
per cent A. aerogenes type II, 1.4 per cent EF. coli type 
II, and 3.5 per cent unclassified citrate positive coli- 
forms. 

It has been also shown that the production of a 
characteristic metallic sheen on EMB agar medium is 
not a reliable criterion for isolating fecal EF. coli. Out 
of 109 cultures showing typical sheen on EMB medium, 
69 were coliforms other than F. coli type I. 

A modification of the recommended procedure has 
been suggested. A second exposure to the EC (44.5 C) 
medium in place of the recommended LTB (or lactose 
broth) step after streaking on EMB medium, was 
found to eliminate over 70 per cent of the false positives. 

Some of the possible reasons for obtaining low re- 
coveries (28 per cent) of fecal FE. coli by the EC test 
when applied to frozen seafoods have been discussed. 
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produced from materials such as urea and nitrate. The 
concentration of free amino acids in the rumen is 
usually low (Lewis, 1955). However, breakdown prod- 
Theucts of amine acids, including volatile fatty acids 


bacteriof(El-Shazly, 1952a) in addition to ammonia, are found 


earch, 3B, high concentrations. 
ie A complete understanding of the catabolism of 
‘amino acids in the rumen rests not only on determin- 
. J. 19ieing over-all reactions carried out by the mixed flora 


est for thffand fauna but on the reactions carried out and the 


water andifactors affecting the growth and metabolism of the 
and Wel. . : . : ‘ 
Hyg microbial species involved. Most previous work has 
Vgiene ° : . . 

been conducted with mixed suspensions of rumen 
1960 Th bacteria or rumen fluid itself, and data concerning the 


of Escher 


specific microorganisms actively engaged in the de- 


Bacteril Pamination of amino acids is meager. A few bacterial 
-, ae species have been implicated. Selenomonas ruminantium 
H. j9:f (Bryant, 1956) and Bacteroides ruminicola (Bryant 
ontent if ¢ al., 1958b) have been shown to catabolize cysteine 

and casein hydrolyzates, respectively. Lewis and 
colifomf Risden (1955) showed that Peplostreptococcus elsdenii 
M. 199 (LC coceus) fermented t-serine, L-threonine, and L- 
for th cysteine with the production of ammonia, volatile 
ierobid.f fatty acids, hydrogen, and carbon dioxide. 





The work reported herein was undertaken to char- 
acterize and identify some of the more numerous 
ruminal bacteria attacking protein hydrolyzate with 
the liberation of ammonia. 





MATERIALS AND METHODS 


Isolation and identification of ammonia-producing 
bacteria from the rumen. The three dry Holstein cows 
used in these experiments were maintained on different 
diets listed below which were fed at the recommended 

maintenance levels for total digestible nutrients and 
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were calculated to contain a range of crude protein of 
7, 15, and 21 per cent for animals A, B, and C, respec- 
tively. Animal A received 20.6 lb per day of timothy 
hay. Animal B received 4.4 lb per day of grain mixture 
(15.4 per cent crude protein) and 9.2 lb per day of 
alfalfa hay. Animal C received 1.1 lb per day of grain 
mixture (15.4 per cent crude protein), 10.2 lb per day 
of alfalfa hay and 3.3 lb per day of soybean oil meal 
(44 per cent protein). Animals were fed at 5 a.m. and 
2 p.m. daily with sampling at 11 a.m. They were 
maintained on the diets for a minimum of 3 weeks 
before initial sampling. 

The anaerobic cultural technique used was _ that 
described by Hungate (1950). With this technique, 
culture media were maintained in sterile rubber- 
stoppered tubes using oxygen-free carbon dioxide. 
The pH of all media was adjusted to 6.7 by the addition 
of NasCOs; and equilibration with the gaseous phase. 
Cysteine-HCl was used as reducing agent and resazurin 
was added as an oxidation-reduction indicator. 

Rumen content samples were collected, bacteria 
were enumerated, and strains were isolated using the 
methods and rumen _fluid-glucose-cellobiose agar 
(RGCA) roll tubes as described by Bryant and Burkey 
(1953), except that sugars added to the isolation 
medium included glucose, maltose, and cellobiose each 
at a 0.1 per cent (w/v) final concentration. After 
isolation strains were stored as RGCA slant cultures in 
a Dry Ice box. All strains were designated either A, 
B, or C depending on the animal from which it was 
isolated. 

About 50 bacterial strains were isolated from each 
sample and were studied for colony type, morphology, 
motility, Gram reaction, final pH and appearance of 
growth in glucose liquid medium, relations to oxygen, 
H.S production, gas production, and cellulose digestion 
as previously indicated (Bryant and Small, 1960). 
These characteristics were used to presumptively 
identify the strains as indicated in table 1. References 
to detailed descriptions of the characteristics of the 
species are given by Bryant (1959). 

Later more detailed studies were performed on 
strains of the group considered to be of most importance 
in ammonia production (presumptively identified as B. 
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ruminicola) in order that positive identification could 
be made. The methods utilized were previously de- 
scribed (Bryant et al., 1958b). 

lor the determination of ammonia _ production, 
strains were transferred from the RGCA slants to 5 
ml of inoculum medium (see below). After 18 hr incuba- 
tion, about 0.02 ml were inoculated into 5 ml of the 
ammonia test medium. After 96 hr incubation, 20 
per cent (w/v) trichloroacetic acid was added to a 
final concentration of 5 per cent (w/v). The culture 
was centrifuged and ammonia was determined by 
nesslerization (Umbreit, Burris, and Stauffer, 1957) of 
a 1:10 dilution of the supernatant fluid. 

The amount of growth obtained in the ammonia 
test medium was roughly estimated by optical density 
(OD) determinations at frequent intervals. A colorim- 
eter with 600 mu light and culture tubes (13 by 100 
mm) for cuvettes was used. 

The medium used to determine 
ammonia production of 75 previously described strains 
of ruminal bacteria contained mineral solutions 1 and 
2 of Bryant and Burkey (1953) with (NH,).SO, de- 
leted; resazurin, 0.0001 per cent (w/v); Trypticase, 
1.5 per cent (w/v); a solution of the sodium salts of 


ammonia test 


certain volatile fatty acids (acetate, n-valerate, iso- 
valerate, DL-a-methyl-n-butyrate, and isobutyrate at 
concentrations of 420, 60, 30, 30, and 30 um per ml, 
respectively), 1 per cent (v/v); clarified rumen fluid, 5 
per cent (v/v); glucose, maltose, and cellobiose, 0.066 
per cent (w/v) of each; cysteine- HCl-H,O, 0.05 per 
cent (w/v); NasCQOs, 0.4 per cent (w/v); and a gaseous 
phase of carbon dioxide. The medium was prepared in 
a manner similar to that of Bryant and Burkey (1953) 
with cysteine, NacCO;, and rumen fluid added as sterile 
solutions equilibrated with carbon dioxide after other 
medium were The 


ingredients of the autoclaved. 


[VOL § 
clarified rumen fluid was prepared by cent: iwation 
(12,500 X g for 10 min) of rumen fluid obi.ined py 
filtration through cheese cloth of rumen ontent; 
obtained from animal B at 11 a.m. The fluid \as the; 
boiled, again centrifuged, adjusted to pH 7, ai: oclayed 


at 15 lb for 15 min under carbon dioxide, an 
the refrigerator. 

The ammonia test medium was modified to contain 
20 per cent (v/v) clarified rumen fluid and iv added 
salts of volatile fatty acids for the determin:tion oj 
ammonia production by the freshly isolated strains 
This was done after tests on many strains (iable 2) 
indicated that some did not grow well in the 5 per cent 
clarified rumen fluid medium. 

The inoculum medium was similar to RGCA medium 
(Bryant and Burkey, 1953) but contained 0.5 per cent 
(w/v) Trypticase, no agar, and half as much rumen 


fluid. 


held in 


RESULTS 

Determination of ammonia production by previousl) 
described strains of ruminal bacteria. Table 2 shows that 
strains of most species produced little or no ammonia 
from Trypticase. Strains of S. ruminantium, P. elsdenii, 
and B. ruminicola, species isolated from mature animals, 
produced relatively large amounts of ammonia. Other 
strains producing large amounts of ammonia wer 
representatives of species found only in young calves. 

It is of interest to note that some strains such as 23 
and GA20 of B. ruminicola which produced little or no 
ammonia, but which were included in species in which 
strains generally did produce a large amount. of am- 
monia, showed poor growth. Both of these strains wen 
shown to produce more ammonia when better growth 
was obtained by using the 20 per cent instead of the j 
per cent rumen fluid test medium. 


TABLE 1 


Some characteristics used in the presumptive identification of bacterial groups* 


Presumptive Identification 


Gram Mo- H Cellu- 


Morphology Stain | tility 2S “ees Gas Final pH 
Bacteroides ruminicola Pleomorphic rods - _ + _ - 5.0-6.0 
Selenomonas sp. Crescentic rods — — a _ = 4.3-4.5 
Butyrivibrio sp. Medium or small-sized curved rods - oa + + + 4.8-6.5 
Ruminococcus sp. Cocci, singles, pairs, or chains +7) —- - + + 5.0-7.0 
Bacteroides succinogenes Pleomorphic rods _ _ = +. as 5.0-6.0 
Lachnospira sp.t Medium-sized curved rods a + ~ - + 4.8-5.2 
Eubacterium ruminantium Medium-sized rod to coccus rw _ — — bo 5.0-5.5 
Streptococcus sp. Cocci, singles, pairs and short chains — ~ — _ 4.0-4.5 
Succinivibrio sp. Small, helicoidal, rods with pointed ends - + - - 5.0-6.0 
Borrelia sp. Small, unevenly helicoidal spirochete — +. + ~ - 5.2-6.0 


* All strains isolated were strict anaerobes except for the Streptococcus sp. which were facultative anaerobes. 
+ The + under ‘“‘Gram stain”’ refers to variability within a strain and/or between strains. In other cases, + refers to variabilit 


between strains, most strains being positive; 4 





means that most strains are negative. 
tA filamentous, woolly, colony is very typical of this group. 
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Predominant bacteria cultured from rumen of animals 
fd rativis of varying protein content. The average 
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Of a total of 271 bacterial strains isolated and 
presumptively identified, 75 (28 per cent) produced 1 


ontents f ypumber of bacteria isolated from animal A was 645 X uM or more of ammonia from the Trypticase test 
as they f 10%, with a range between 232 X 10° to 804 X 10° medium. The most numerous group (37 strains) was 
claved Fpacteria per g Wet weight in 4 samples. Animal B presumptively identified as B. ruwminicola. This group 


held in 


contair 
» adder 
tion 0 


] 


| 


yielded a mean of 578 X 10° with a range of 500 X 
10° to 616 X 10° bacteria per g in 5 samples, whereas 
vith animal C the mean was 642 X 10° with a range of 
156 X 10° to 1,108 X 10® bacteria per g in 4 samples. 


also contained the organisms which produced the 
greatest amount of and 
Butyrivibrio were the only other groups presumptively 
identified that appeared to contain a significant number 


ammonia. Selenomonas 


{fF Results in table 3 show the occurrence of presump- of ammonia-producing strains. However, only a few 
strains, f tively identified bacterial groups in. the three animals. of the many strains presumptively identified as 
able 2)B These data, where the two samples from each animal Butyrivibrio produced ammonia. 


per cen 


t 


were not separated, suggest differences in the numbers 


The unknown group (table 3) contained several 


of B. ruminicola, Selenomonas, and 
Lachnospira. However, the differences between samples 
from the same animal varied as much as the differences 


hetween animals. 


Streptococcus, apparently different kinds of ammonia-producing 
bacteria. Some of these from each animal appeared to 
be atypical B. ruminocola, whereas 3 strains from the 
protein-fed animal were anaerobic, 
motile, lancet-shaped organisms producing a small 
amount of ammonia. 

Further 


medium 
per cent 
| rumen medium level 

No significant differences were noted in either the 
numbers or kinds of ammonia-producing species from 
any of the test animals (table 3). characterizations of the presumptively 
‘er vousl)) 


ws that TABLE 2 


Production of ammonia from Trypticase by predominant bacterial species isolated from rumen of calves and mature cattle 
elsdenii, ss SS ; — 


mmonia 


. ; Growth 
) re NI , 
unimals, Species Production* OD x 


v. Other - 


in were 


Strains Reference 


Bacteroides succinogenes 0 37-59 | S85, M13, S121 Bryant and Doetsch, 1954 
calves, ee 0 3 | S61, CB40 Bryant and Doetsch, 1954 
ch as 23 Lachnospira mulliparus 0 50-51 | D32, 40 Bryant and Small, 1956a 
le or nofBorrelia sp. 0 4-44 | PC45, 88, Bod Bryant, 1952 
n which Qsuccinitmonas amylolytica 0 10-35 | N6, Bo4, B12 Bryant et al., 1958b 
of am- Ruminococcus albus 0 4-30 | 20, D89, 7, B:C7, B336, B337 | Bryant et al., 1958¢ 
‘ R. albus (noneellulolytic) 0 33-44 | B199, B210 Bryant et al., 1958a 
INS Wert Bruminicoccus flavefaciens 0 12-28 | D101, FD1, BiC45, B.46, C94 | Bryant et al., 1958¢ 
growth Beubacterium sp. (+SR—gGXC 0 43-46 | B17, T162 Bryant et al., 1958 
of the iB Eubacterium ruminantium 0 35-44 | B4, B,C26, GA195, B,34 Bryant, 1959 
E. ruminantium 1.8 42 B,C23 | Bryant, 1959 
Sucinivibrio dextrinosolvens 0 35 = |:-:24 Bryant and Small, 1956a 
Lactobacillus sp.t 0.7 63 | GAI, GAI9 Bryant, 1959 
Lactobacillus sp. (+R4) 0.0-0.7 30-34 | T112, R15, B62 Bryant et al., 1958a 
Lactobacillus sp. (+R3) 0.0-0.6 44-64 | R62, B180, T185 | Bryant et al., 1958a 
Butyrivibrio fibrisolvens 0.0-0.7 | 24-70 | 28, D1, A388 | Bryant and Small, 1956b 
-BB. fibrisolvens 1.9-2.3 17-48 | 1, PC4, 49 Bryant and Small, 1956b 
‘inal pH = |Butyrivibrio sp.t 0.0-0.7 | 64-71 | 21C, 9C, 4C | Wilson, 1953 
Selenomonas ruminantium 2.4-7.5 27-69 | GA192, GA31, PC18, HD;, HD Long Bryant, 1956 
Peptostreptococcus sp. (Ci) 7.0-7.3 | 81-82 | B43, B116 Bryant et al., 1958a 
oe “7 Peptostreptococcus elsdenii (C 9.0-19.9 | 50-68 | B159, T81, L38 Bryant et al., 1958a 
.3- 4.5 Ramibacterium sp.§ 5 5 36 L34 Bryant et al., 1958a 
8-06.59 BRocteroides ruminicola 0.8-2.3 5-10 | 23, GA20 Brvant et al., 1958b 
0-7.0 ER ruminicola 11.0 59 B,18 Bryant ef al., 1958b 
06.0 BB ruminicola subsp. brevis 11.0-19.4 | 90-93 | GA33, Bid, GA103 Bryant et al., 1958b 
8 5.2 B. ruminicola subsp. brevis 1.0 8 7D Wilson, 1953t 
0-5.5 Bacteroides sp. (R1a) 9.0 48 B40 Bryant et al., 1958a 
0-4.5 BRacteroides sp. (Rb) 9.0 18 B107 Bryant et al., 1958a 
-0-6.0 Bacteroides sp. (Rle) 1.9 i B127 Bryant et al., 1958a 
2-6.0 Bacteroides sp. (R2) 30-34.4 53-80 | B85, L6 Bryant et al., 1958a 


“ abili *Ammonia production reported as pmoles per ml test medium. 
Ari: it : ° . . . » 19 
viene t Strains from cattle fed fresh alfalfa. 


t Obtained through the courtesy of Dr. S. R. Elsden. 


§ Lactate-fermenting species. 
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identified strains of B. ruminicola including fermenta- 
tion end products of selected strains were made to 
positively identify this group (tables 4 and 5). Bio- 
types 1 and 5 (table 4) correspond to B. ruminicola 
subsp. brevis (Bryant et al., 1958b). Biotype 1 corre- 
sponds exactly to biotype 3 previously described. 
Biotypes 2, 3, and 4 belong to B. ruminicola subsp. 
ruminicola with 2 and 3 corresponding exactly to the 
previous biotypes 1 

Biotypes 6 to 10 


and 3. 


appear to be closely related to B. 


TABLE 3 


Occurrence and ammonia production of presumptively identified groups of ruminal 


ruminicola. However, biotype 6 produced a s :bst 
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(Vou, 






iil] 








anti 


amount of propionic acid and biotype 7 reduc -d nity; 


and produced indole. Some strains of succinic 


producing bacteroides from calves that were ( msidere 


to be closely related to B. ruminicola also roducel 


indole and propionic acid (Bryant et al. 


Gutierrez, Davis, and Lindahl (1959a) isolated saponin 


fermenting strains similar to B. ruminicola that » 


duced nitrate. 


low, medium, and high levels of protein 


Low Protein 


Presumptive Identification : : 
I NHsz production 


No. of 
strains* 
Meant Range 
Bacteroides ruminicola 19 (18) 7.4 2.2-23 
Selenomonas sp. 6 (6) 4.8 2.0-6.8 
Butyrivibrio sp. 28 (0) 0 0 
Ruminococcus sp. 10 (1) 2.6 0 
Bacteroides succinogenes 0 0 0 
Lachnospira sp. 0 0 0 
Eubacterium ruminantium 3 (0) 0 0 
Streptococcus sp... oe vies 3 (0) 0 0 
Succinivibrio sp. 0 0 0 
Borrelia sp... 0 0 0 
Unknownt 28 (9) 3.5 1.4-7.2 
Totals 97 (34) 5.8 1 .4-23 


* The number in parentheses is the number of strains that produced 1 umole or more of ammonia per ml test medium 


No. of 


Strains 


33 
86 


+ The mean of those that produced 1 yzmole or more of ammonia. 
¢ Unknown and other organisms that have not previously been adequately described. 


TABLE 4 


Some characteristics of presumptively identified Bacteroides ruminicola from the rumen of cows fed differe 


Characteristic 


1 2 
H.S production 4. = 
Gelatin liquefaction |. 4. 
Starch hydrolysis + + 
Indole production — = 
NO; reduction - _ 
Final pH—glucose 5.0-5.2 | 4.6-6.4 
Growth in yeast-Trypticase medium a - 
Acid from: 
Xylose a i. 
Maltose + + 
Mannitol _ = 
Inulin + a 
Gum arabic _ — 
No. of strains (high protein) 2 0 
No. of strains (medium protein) 1 1 
No. of strains (low protein) 0 10 


* All strains have the following characteristics: gram negative; anaerobic: 1 


lactose, and xylan. 


a 


4 
3 
5 


(8) 


(2) 
(OQ) 
(O) 
(5) 
(OQ) 


(0) 
(7) 
(17) 


B 
Medium Protein 


NHs production 


Mean 


0 


4. 


0 
0 
0 
0 
0 
0 
0 


« 


2 
= 


5.3 


o. 


] 
3 


Biotype 


wn 


No. of 
strains 
Range 
1.0-17 14 (11) 
0 3 (1) 
1.8-7.7| 32 (5) 
0 10 (0) 
0 1 (0) 
0 1 (0) 
0 3 (1) 
0 0 
0 1 (0) 
0 0 
1.0-7.7 23 (6) 
1.0-17 88 (24) 


++ 


rE 
rE 
0 
0 
1 


Cc 
High Protein 
NHs 


Mean 


8 9 
+ | + 
+ | + 
5.1 | 5.0 
+ | + 
+ | + 
+ | + 
+ =m 
- | + 
0 0 
1 1 
0 0 
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bacteria isolated from animals on rations « ontaini) 


production 


Range 


9) 


6-22 


0) 


.8-0.4 
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in work preliminary to the present study, consider- 
ble time was spent in developing a growth medium 
© nsidereffii¢ would be suitable for screening large numbers and 
‘© produceffh yariety of species of ruminal bacteria for ammonia 
U., 1958.Moduetion from a protein hydrolyzate. Ammonia 
yoducing strains of P. elsdenit (B159), S. ruminantium 
(A192), and B. ruminicola (GA33, Bi4, and 23) as 
vell as strains of Ruminococcus albus (20), Butyrivibrio 
irisowens (D1) and Borrelia sp. (88) which did not 
yoduee ammonia were included. It was found that 
mmonia production often increased through 72 hr 
neubation so that a standard time of 96 hr was se- 
weted. Even with volatile fatty acids and 1.5 per cent 
i Trypticase in the medium, rumen fluid was essential 
o growth of B. ruminicola subsp. ruminicola. Experi- 






COME acid 





a 





ed saponiy, 
la that » 









ws contain) 


n 


production [nents with media with and without the nitrogen 
ource, Trypticase, indicated that rumen fluid con- 
Range - 


tained little, if any, nitrogen precursors of ammonia. 
2.¢-» PA carbohydrate energy source was necessary for growth 

0 [ind ammonia production of ammonia producing 
|.8-0.1Bepecies except P. elsdenii and the level of sugars used 

jn the final medium did not inhibit ammonia production 
 folany of the strains. The mixture of three sugars was 
9 [ased because some strains of ruminal bacteria utilize 
0 [fellobiose or maltose but not glucose. Trypticase was 
0 mong the best protein hydrolyzates tested for both 
0 ferowth and ammonia production and was selected for 
a use in the final medium because it contained less initial 
~~ ammonia than other materials that allowed good growth 
m and ammonia production. 

The detailed characterization of the presumptively 
identified strains of B. ruminicola (tables 4 and 5) 
revealed that most strains (biotypes 1 to 5, table 4) 
were B. ruminicola and the other strains were at least 


to 





rotein* ; ; a ; ; 
yery closely related to this species. With the exception 
TABLE 5 
" }¥Fermentation acids produced in rumen fluid glucose medium by 
- selected strains of presumptively identified Bacteroides 
t ruminicola 
4+ — ae 
- mEq Per Cent of Total Acid* 
— strain |..- Total Acid 
No. Biotype| mEq per 
- a Wy mt petyrk Propi- | Acetic | Formic |Succinic| Lactic 
5.2 
118B ] 14.1 0 1.4 | 20.7 | 10.1 | 67.6 | 0 
5a7A 2 14.6 0 13.2 | 23.6 3.1 | 58.8 1.0 
LI9A ri 12.9 0 6.4 | 24.5 | 11.9 | 55.9 | 0O 
_ gic) 3 | 179 | 0 1.0 25.1 13.0 | 54.1 | 2.6 
152.4 3 12.8 0 Lo 1) 2.3 6.1 | 70.7 0 
t ‘AC | 21.4 1.9 | 2.0 | 25.6 | 12.0 | 56:5 1.6 
7 eC 4 | 18.8 | 0 2.0 | 24.3 | 14.2 | 57.0 | 2.5 
0 | W5A 5 15.1 0 2 | 4828-7) “Or Tae! Oo 
0 pl27\ 6 12.0 0 29.9 | 29.6 5.6 | 34.3 ica 
B GOA 7 13.9 0 6.2 | 23.6 | 11.8 | 55.5 | 2.2 
| glucose, : 


Values of 3 per cent or less are considered of doubtful 
Big: ificance. 


i 
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of Eubacterium ruminantium and Butyrivibrio sp., the 
other groups are more positively identified by the 
characteristics used for presumptive identification than 
was B. ruminicola. It appears that the presumptive 
identification of the bacterial groups on the basis of a 
few characteristics was well founded. The time and 
expense involved in detailed studies of each strain 
isolated in the study would have been large as com- 
pared with the benefits obtained. 

A comparison of the studies on well described species 
of ruminal bacteria maintained in pure culture for 
long periods of time (table 2) and on fresh isolates 
(table 3) led to a similar conclusion, i.e., based on 
numbers found in the rumen of animals on a variety 
of rations and the amount of ammonia produced in 
pure culture B. ruminicola is of primary importance in 
ammonia production from hydrolyzed protein in the 
rumen. Selenomonas also is of significance and P. elsdenii 
may be of importance under certain conditions of high 
grain feeding (Gutierrez et al., 1959b). Results also 
suggest that some strains of the genus Butyrivibrio 
may be involved in ammonia production. 

The results in table 2 show that many of the species 
isolated from young calves (Bryant et al., 1958a) 
produce considerable amounts of ammonia. 

It is evident that further assessment of the impor- 
tance of various ruminal microbial species in ammonia 
production from hydrolyzed protein rests, to a con- 
siderable extent, in gaining further knowledge of the 
identity of amino acids and/or peptides catabolized, 
the products produced, and the mechanisms involved 
in the individual reactions. Some studies along these 
lines are in progress. 

It has been shown that the potential rate of ammonia 
production from hydrolyzed protein by the ruminal 
flora correlates with the amount of protein fed to the 
animal (El-Shazly, 1952b; Warner, 1956). The present 
results (table 3) suggest. that this phenomenon is not 
due to a large increase in numbers of predominant 
species of ammonia-producing bacteria. It might be 
that the increased ammonia production is due to the 
synthesis of more deaminases without a change in 
species. Also, it seems evident that ruminal protozoa 
are of considerable significance in ammonia production 
from amino acids (Warner, 1956; Williams, Gutierrez, 
and Doetsch, 1960) and differences in numbers or 
species of protozoa might be involved. 

It is possible that other bacteria, not among the 
predominant bacteria, would be of importance in 
ammonia production and that these could be demon- 
strated by the use of culture media containing protein 
hydrolyzates as the main source of energy for growth. 
It is likewise possible that this type of medium would 
show differences in the ruminal flora of animals on 
rations of differing protein content. A preliminary 
study indicated that addition of Trypticase to the 
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present culture medium resulted in depressed total 
colony counts. This substantiates the results of McNeill, 
Doetsch, and Shaw (1954). 


SUMMARY 


Data on ammonia production from casein hydrol- 
yzate by 74 strains of previously well described ruminal 
bacterial species and by 271 strains freshly isolated 
from three cows fed rations of timothy hay, alfalfa 
hay and grain and the latter with extra soybean oil 
meal added (7, 15, and 21 per cent of crude protein, 
respectively) indicate that, on the basis of numbers of 
strains and amount of ammonia produced, Bacteroides 
ruminicola is usually the most important ammonia- 
producing bacterium in the rumen of mature cattle. 
Other species of probable significance include Seleno- 
monas ruminantium, Peptostreptococcus elsdenii, and 
some strains of the genus Butyrivibrio. Many ammonia- 
producing species are among the predominant bacteria 
of young calves. 

There appeared to be no significant differences in the 
occurrence of presumptively identified predominant 
species, or numbers or species of predominant am- 
monia producers in the rumens of the animals studied. 

Detailed characterization of the strains of pre- 
sumptively identified B. ruminicola indicated that 34 
strains did belong to this species and the remainder (6 
strains) were very closely related to this species. 


ADDENDUM 


Unpublished studies of M. P. Bryant and I. M. 
Robinson indicate that Bacteroides ruminicola subsp. 
ruminicola can be grown in media of known composi- 
tion with hemin replacing the “rumen fluid” require- 
ment. This work was done after the present studies were 
completed. 
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Lysine, methionine, and tryptophan contents of 
bacteria and of yeasts have been reported in previous 
papers of this series (Anderson ef al., 1958; Nelson ef al., 
1960). The investigations were undertaken to examine 
the feasibility of using microorganisms as sources of 
amino acids for the supplementation of feeds. This 
article presents analytical results for the same amino 
acids in molds and also a comparison of the three 
groups of organisms. To have representative sampling 
of the great number of genera and species comprehended 
as “molds,” it was felt necessary, 1n most instances, to 
examine only one species from a genus. A few genera, 
such as Aspergillus and Penicillium, which have several 
species of industrial importance, and which are exten- 
sively represented in the Agricultural Research Service 
Culture Collection, were sampled to a greater extent in 
our survey. This procedure contrasts to the sampling 
procedure used with the yeast and bacteria, where the 
number of genera is smaller and more species of a given 


genus could be investigated. 


Mertruops 


The culture methods were the same as those em- 
ployed for the yeasts (Nelson ef al., 1960) except as 
modifications were necessary to handle mycelial growth. 
Spores were produced by growing the molds on appro- 
priate agar slant media. The spores, suspended in 
water containing a trace of nonionic detergent, were 
used to inoculate a growth medium composed of 
commercial glucose, 33 g; yeast extract, 2.5 g; urea, 2.0 
g; KHPO,, 1.5 g; MgSO,-7H.O, 0.5 g; per L. Ten milli- 
liters of the spore suspension were added to 140 ml of 
the medium contained in 500-ml Erlenmeyer flasks; 
the flasks then were incubated on a rotary shaker (200 
rpm, 2144 in. stroke) for 66 hr at 28 to 29 C. Mycelia 
were harvested on filter paper, dried in an oven at 70 C, 
ground to pass a 20-mesh sereen, and analyzed in the 
same Way as were the yeast preparations (Nelson e¢ al., 
1960). 
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ReSULTS AND Discussion 

Analyses of 135 strains of molds representing 131 
species are presented in table 1. The relative quantities 
of the three amino acids follow, in general, the pattern 
noted for them in other microorganisms. Methionine 
and tryptophan are present in amounts of the order of 1 
per cent of the protein. The highest methionine value 
was 2.6 g per 16g N (Dematium pullulans) ; the highest 
tryptophan 1.5 g per 16 g N (Dematium pullulans and 
Humicola grisea). Noteworthy is the range of variation 
in lysine content of the molds examined: 3.0 g per 16 g N 
(Thielavia sepedonium) to 12.2 g per 16 g N (Absidia 
orchidis). 

The molds analyzed in the course of this study had 
the same average nitrogen content, 6.4 per cent of dry 
weight, as did the yeasts. In contrast, data found in the 
literature indicate that mold cells contain less nitrogen 
than do yeast or bacterial cells (Anderson and Jackson, 
1958). Since cell nitrogen level, and hence protein 
content, can be easily influenced by conditions of 
culture, it is assumed that the conditions employed in 
this work favored protein synthesis. However, when 
calculated on the basis of grams of amino acid per 16 ¢ 
the 
tryptophan found in the molds reported in table 1 are in 


nitrogen, amounts of lysine, methionine, and 
general agreement with the limited number of values 
reported in the literature (Anderson and Jackson, 1958; 
Reusser, Spencer, and Sallans, 1957). 

Standard deviations, included in table 1 for the 
genera Aspergillus, Mucor, and Penicillium, as well as 
for the molds as a group, provide a measure of the 
variability of the data. The variation in the amino acid 
content of molds classified within a single genus, e.g., 
Aspergillus or Penicillium, was nearly as great as the 
variation found among the molds considered as a group. 
It was not possible to correlate the amino acid contents 
of molds with their classification. A similar conclusion 
was drawn from the results obtained during the studies 
of yeasts and bacteria. 

The mycelial preparations obtained by submerged 
cultivation of molds may be presumed to be homoge- 
nous cellular growth and the similarity in the composi- 
tion of such growth thus may reflect a similar basic cell 
structure. It has been shown that specialized structures 
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TABLE 1- 


Concluded 












an 7 Cell Nitrogen Amino Acid (g/16 g Nitrogen) 
Avg Genus | Lysine Methionine Tryptophan 
Range Avg | 
Range Avg Range Avg Range Avg 
0.8 = 
0.9 Te Te 
0.6 Phymatotrichum. .... 6.3 ee 0.9 1.0 
0.8 Pilaira 4.1 8.6 1.5 0.7 
0.5 Pirella 7.4 5.7 0.9 0.5 
9 + OR Rhizopus (2; 3) 8.0-8.7 | 8.2 8.1-8.9 8.4 1.4-2.3 1.8 0.7-1.0 0.8 
0.4 Sclerotinia 4.8 5.0 0.8 0.3 
0.3 Scopulariopsis 4.8 5.0 0.8 0.3 
0.8 Sordaria 6.2 +.4 0.9 0.9 
0.7 Sepedonium 5.7 4.2 0.9 0.8 
0.7 Spicaria scan 1.3 8.5 1.5 | 
1.1 Spondylocladium..... 5.8 6.8 1.3 11 
1.2 Sporobolomyces : 6.8 5.3 tA 0.9 
0.9 Stachybotrys (2)....... 5.8-7.0 6.4 4.5-6.7 5.6 1.0-1.1 1.0 0.7-1.1 0.9 
0.9 Stemphylium : 5.4 4.7 0.6 1.0 
1.1 Stysanus : 25 6.3 5.9 0.9 0.6 
1.0 Syncephalastrum. .... 5:2 iz ia 0.7 
0.6 Syzygites peat 4.8 4.4 0.6 0.1 
0.7 Thamnidium... 8.4 8.1 1.3 0.6 
1.0 Thielavia , 5.6 3.0 0.4 0.7 
0.6 Thielaviopsis.... 8.4 8.4 2.1 ‘3 
0.2 Trichoderma. . ; 9.0 toe Fc 0.9 
1.0 Trichothecium (1; 2)... 5.7-6.9 6.3 6.3-6.6 6.4 1.1-1.3 12 0.6-1.0 0.8 
0.9 Tritirachium. .. 4.2 8.3 1.4 0.8 
0.6 Ustilago a8 9.4 1.8 | 1.4 
0.7 Verticillium 7.6 | 7.4 1.0 | 0.8 
0.8 Zygorhynchus 8.4 8.7 2.1 | 1.0 
1.5 Totals (131 spp.; 185 strains 3.5-9.0 | 6.4 4 1.4f| 3.0-12.2) 6.8 + 1.5f] 0.4-2.6 | 1.2 + 0.4f} 0.1-1.5 | 0.8 + 0.37 
0.7 eee ee eee 2 
0.3 * Figure in parentheses is the number of species analyzed; if more than one strain of a species was analyzed, a second figure in 
1.0 parentheses is the total number of strains. 
0.7 + Standard deviation. 
1.4 
1.1 of molds (spores, for example) may contain different TABLE 2 
* amounts of certain amino acids compared to vegetative Summary of average lysine, methionine, and tryptophan content 
03 hyphae (Stokes and Gunness, 1946). This is of interest of bacteria, yeasts, and molds : = 
0.5 because the taxonomy of most molds is based on such No. of | ican \Ciom 
specialized structures in which one might expect to find. me | oe | iin /l6gN) | vient of 
nbd greater variation. ~-  ) ! (a — 
; An over-all comparison of yeasts, molds, and bacteria Bacteria | 86 Lysine — 6.50 + 1.97 0.30 
1s with respect to their nitrogen and amino acid content is | Methionine abs + 0.64 | 0.37 
0.3 summarized in table 2. The data for bacteria and for | Iryptophan | 0.32 + 0.11 | 0.34 
: : se totem Renn our — ation el — Venate* 271 | Lysine . 7.19 + 1.07 | 0.157 
i coefhcients of variation (C) show that yeasts are the | | Methionine 1.15 + 0.27 | 0.23 
ge most homogeneous group with regard to the three | Tryptophan | 0.80 + 0.23 | 0.29 
10 |, amino acid components. In view of the far wider aa’ fi 
05 taxonomie extent of molds, it might be expected that C Moldst | | Lysine rigs ho ge 
0.8 would be greater for this group than for bacteria. How- | ees | ae ee 
es “® ‘ : Br | Tryptophan | 0.83 + 0.28 | 0.34 
0S ¥ ever, C is substantially identical in both groups for ; ers Toe SE PEPE MENS 
| - . "| methionine and tryptophan, and somewhat higher in * Average nitrogen: 6.37 + 1.27 per cent cc = — 
1.0 the bacteria for lysine (C bacteria = 0.30; C molds = T Average nitrogen: 6.37 + 1.41 per cent (C = 0.22). 
07 fy 0.22). 
1.4 The lysine:nitrogen ratio of yeasts was significantly Our survey revealed several microorganisms that 
0.7 higher (P < 0.01) than that of the other two groups. contained lysine to the extent of 10 per cent or more 
aan The tryptophan content of the bacteria was markedly of their ‘‘protein” (6.25 & N): Bacillus megaterium, 
07. [) lower than that of the yeasts and molds. Micrococcus lysodeikticus, Sarcina flava, Sarcina ureae, 
0.4 


3 
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and Staphylococcus aureus (Anderson ct al., 
Brettanomyces schanderlii (Nelson et al., 1960), and the 
mold Absidia orchidis. 


1958) ; 


The tendency of all microorganisms to contain similar 
amounts of these amino acids, coupled with the un- 
likely possibility of altering the amino acid composition 
of integral cell proteins, indicates that the use of micro- 
organisms as concentrated sources of specific essential 
amino acids may be limited to those organisms which 
also produce amino acids extracellularly. The formation 
of such uncombined amino acids is more amenable to 
modification than is the formation of constitutive 
cellular amino acids. Further study of those organisms 
which form the greatest amounts of cellular amino 
acids may disclose strains which liberate the desired 
amino acids extracellularly. Such an organism would 
make a particularly valuable source of amino acids for 
feed supplementation. 


SUMMARY 


The nitrogen, lysine, methionine, and tryptophan 
contents of 131 species of molds grown in shaken culture 
were determined. The average nitrogen content was 6.4 
+ 1.4 per cent of the dry weight; the average amounts 
of lysine, methionine, and tryptophan in the cells, 
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The acidic carbonyl compounds, a-ketoglutaric, pyru- 
vic, a-ketoisocaproic, glyoxylic, oxalosuccinic, oxalo- 
acetic, acetoacetic, and hydroxypyruvie acids have 
been reported in small concentrations in fresh raw milk 
(Harper and Huber, 1956; Kreulan and Virtanen, 1956; 
Patton and Potter, 1956) and in greater concentrations 
in various cheese varieties (Bassett and Harper, 1956; 
Harper and Bassett, 1959). In addition, a-acetolactic 
acid and other 8-keto acids have been found in some 
cheese varieties (Bassett and Harper, 1958). Investiga- 
tion with C'-labeled sodium citrate revealed that 
Lactobacillus bulgaricus formed a-ketoglutaric acid and 


‘ Technical paper 11:60. Department of Dairy Technology, 
The Ohio Agricultural Experiment Station. Ohio Agricultural 
Experiment Station Journal article 52-60. This work was con- 
ducted under a contract supervised by the Dairy Products 
Section, Eastern Research Division, Agricultural Research 
Service, U. S. Department of Agriculture. 
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IVOL. 
expressed as grams of amino acid per 16 g of itrogen, 
were 6.8 + 1.5, 1.2 + 0.4, and 0.8 + 0.3, resp:-ctively. 

The molds were similar to the yeasts with rc spect tg 
methionine:nitrogen and tryptophan :nitroge:: ratios 
and like the bacteria with regard to the lysine : nitrogey 
ratio. The variability of the groups, as indicate! by the 
coefficients of variation, was lowest for the yeasts: jf 
was about equal for bacteria and molds, except that 
the bacteria showed somewhat more variability in lysine 
content. 
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a-acetolactic acids from citrate (Bassett and Harper, 
1956) and, consequently, lactic acid bacteria were 
presumed to have a major role in the formation of keto 
acids in cheese. The present study was undertaken (a) 
to obtain further information on the formation ot 
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carbonyl compounds by different homofermentative 


lactic acid bacteria during growth in milk and (b) to | 


determine the role of such organisms in the formation 
of keto acids during cheese manufacturing. Also, inves- 
tigation was made of some factors affeeting the forma- 
tion of carbonyl compounds by lactie acid starter 
cultures. 


MATERIALS AND Mrruops 


General procedure. The following organisms were | 


studied: Lactobacillus lactis (strains V-104 and V-109), 
Lactobacillus bulgaricus (strains V-12 and R), Strepto- 
coccus thermophilus (strains S and T-4), and Streplo- 
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ecus lactis (strains 4 and 9). The skim milk was 
autoclaved at 15 lb pressure for 15 min. The L. lactis, L. 


itrogey), 
ctively, 
pect to julgaricus, and S. thermophilus cultures were incubated 
ratios f at 40 C and the S. lactis cultures at 30 C. Analyses were 
Litrogey | made for acidic carbonyl compounds by paper chroma- 
| by the ff tography described previously by Bassett and Harper 
asts: it IB (1958). 
ept thar Pyrwic and a-ketoglutaric acids in milk cultures. The 





in lysine &f effect of the growth of lactic acid bacteria on the con- 
centrations of pyruvic and a-ketoglutarie acids was 
investigated with L. bulgaricus V-12, L. lactis V-104, S. 
thermophilus T-4, and S. lactis 9. Three trials were made- 
iological F with each culture and the concentrations of pyruvic 
oe and a-ketoglutaric acids were determined on the origi- 
Supkip. § bal milk after 3, 6, 12, 18, and 24 hr of incubation. The 

Lysine, — qualitative results obtained for all four organisms were 
‘ganisms, & similar. Representative results for L. bulgaricus V-12 
: are shown in figure 1. During the first 6 hr of incubation 
SHEKLE : i 
thionine. | the concentrations of the two keto acids decreased 
Yeasts, § compared to the original amounts present in the milk. 


At 12 hr of incubation, both pyruvic and a-ketoglutarie 
R. 1937 


” F acids were present in higher concentrations than at 6 hr, 
protem 


and at 18 hr, the concentrations of the keto acids were 
cid com- — higher than those in the original milk. After 24 hr of 
9-207. incubation there was about 5 times as much pyruvic 
acid and 115 times as much a-ketoglutarie acid present 
in the milk as before incubation. 

Effect of frequency of transfer of keto acid formation by 
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lactic acid bacteria. The four lactic acid cultures were 
transferred on a biweekly, weekly, semiweekly, daily, 
or a 10-hr basis. To determine the effect of frequency 
of transfer on keto acid formation, the cultures were 
incubated for 24 hr and analyzed for keto acids. Quali- 
tatively similar results were obtained with all four 
species of lactic acid bacteria. The results in table | for 
S. thermophilus T-4 illustrate the effect of the frequency 
of transfer on keto acid formation by lactic acid cul- 
tures. Cultures transferred biweekly contained deteet- 
able amounts of only pyruvic and a-ketoglutaric acids. 
As the frequency of transfer increased, the concentra- 
tions of these two acids increased markedly and addi- 
tional compounds were present in sufficient concentra- 
tions to be detected. In addition to a-ketoglutaric and 
pyruvic acids, a-acetolactic acid was observed in the 
cultures which were transferred Gn a weekly and semi- 
weekly basis. These acids and a-ketoisocaproic acid 
were present in cultures transferred daily, and glyoxylie, 
a-ketoisovaleric, and oxalosuccinie acids were detect- 
able in cultures transferred on a 10-hr basis. The con- 
centrations of the keto acids increased with an increase 
in the frequency of transfer. 

Effect of combining bacterial strains and species on 
keto acid formation. The effect of bacterial culture 
combinations on keto acid formation was studied by 
combining the two strains of each of the species of 
lactic acid bacteria and by combining the strains of 
different species. The pure cultures were transferred 
daily. The culture combinations were incubated for 24 
hr prior to analysis. The data are in table 2. Differences 
in the qualitative and quantitative results were ob- 
tained for mixed strain cultures of single species and 
also for combinations of different species. 

lor single species a-ketoglutaric acid was present in 
concentrations of 1.0, 1.0, 2.0, and 3.7 mg per 100 g in 
cultures of S. lactis, L. lactis, L. bulgaricus, and S. 
thermophilus, respectively. Pyruvie acid was found in 


TABLE 1 
Effect ef frequency ef transfer cf Streptococcus thermophilus 
T-4 en carbonyl compound for nation* 


Concentrations (mg/100 g) at the Following 
Frequency of Transfert 
Keto Acid 


e. Weekly Bais = | Daily | 10Hr 
GUVORWIIC. soe Trace + 
Oxalosuccinie. . - 
a-Ketoglutaric .. 0.20 | 0.77 ,| 0.65 1.02 2.10 
Pyruvie DP Penge 0.05 | 0.16 | 0.75 | 2.81 2.50 
a-Acetolactie Pee os a 2+ 2+ 
a-Ketoisocaproic........ + + 
a-Ketoisovaleric. . + 


* Analyses made at end of incubation. 
++ = Relative concentration of compounds present in 
amounts too small for quantitative analyses. 
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TABLE 2 


Keto Acid 1 
Streptococcus 
lactis (strains 


2 
Lactobacillus 
lactis (stre 

V-104 and 


ains 


4 and 9) V-109) 
Oxalosuccinict None None 
a-Ketoglutaric 1.0 1.0 
Glyoxylic. . None Trace 
Pyruviec 0.5 1.3 
a-Acetolactict None Trace 
a-Ketoisocaproic* None 


None 


* Average of two trials. 


} Exact concentration not determined. Relative concentration indicated by +, with 4+ as the highest relative concentration 


TABLE 3 


Effect of addition of pyruvic and a-ketoglutaric acids on the 


Concentration 
Added 
(mg/100 ml) 


Compound Added 


None. 

Pyruvie acid 50 
Pyruvie acid. 100 
a-Ketoglutarie acid 100 
a-Ketoglutaric acid 200 


Pyruvie and a-ketoglutaric acid 100 each 
Pyruvie and a-ketoglutarie acid 200 each 


concentrations of 0.5, 1.3, 1.5, and 5.0 mg per 100 g of 
the same cultures, respectively. 

In addition to pyruvic and a-ketoglutaric acids, 
cultures of S. lactis did not contain other keto acids, 
whereas L. lactis contained traces of glyoxylic and a- 
acetolactic acids, L. bulgaricus showed the presence of 
3.7 mg per 100 g of glyoxylic acid and small amounts of 
a-acetolactic acids, and S. 
thermophilus contained traces of oxalosuccinic and 
glyoxylic acids. 

Combinations of different species of cultures resulted 
generally in different results from those obtained for 
combinations of single strain species. Higher concentra- 


and a-ketoisocaproic 


tions of a-ketoglutaric acid were observed generally 
and altered qualitative keto acid patterns were noted. 
For example, L. bulgaricus R and V-12 contained 3.7 
mg per 100 g of glyoxylic acid when grown alone, but 
this acid was not found when L. bulgaricus R and V-12 
were grown in combination with either S. thermophilus 
S and T-4 or L. lactis V-104 and V-109. 

Effect of added pyrwic and a-ketoglutaric acids on acid 
production. Pyruvie and a-ketoglutaric acids were added 
as sodium salts individually and in combination to milk 
in concentrations of 50, 100, and 200 mg per L to 
determine their possible effect on acid production by 


Lactobacillus bul- 
garicus strain 


5 hr 


0.31 
.28 
.o2 
.28 
0.33 
0.30 
0.32 





Keto acids in combinations of strains and species of lactic acid bacteria* 


Keto Acid (mg/100 g) of Culture 


4 


3 
Lactobacillus Streptococcus 


* ; 5 6 7 
ciitgarins, | Mermophites | pangs | nande | ands 
and R) and T4) 
None Trace 
2.0 > Jef 57 3.1 7.4 
3.7 Trace None None Vone 
1.5 5.0 2.0 1.9 3.6 
> None Trace = 2+ 
Trace None = Trace 3+ 


acid production of lactic acid bacteria 


% Titratable Acidity 


Lactobacillus lactis Streptococcus ther- Streptococcus lacti 





V-12 strain V-104 mophilus strain T-4 strain 9 
10 hr 5 hr 10 hr 5 hr 10 hr 5 hr 10 hr 
1.16 0.37 1.25 0.26 0.90 0.28 0.75 
1.20 0.35 1.25 0.28 1.05 0.27 ().70 
1.23 0.35 1.20 0.26 0.93 0.29 ().80 
1.10 0.37 1.15 0.26 0.87 0.30 0.76 
1.25 0.37 1.25 0.26 0.90 0.27 0.73 
1.15 0.35 1.20 0.26 1.00 0.29 0.78 
1.20 0.35 1.25 0.27 0.95 0.28 0.77 
TABLE 4 
Acidic carbonyl compounds formed during manufacture of 
Provolone cheese* 
Manufacturing Step Ay pened oe on ~ — 
Acid Acid Acid 
- ’ 
Milk + starter 0.05 | 0.32 
Milk + starter after 1 
hr ripening 0.04 | 0.26 } 
At cutting 0.03 | 0.21 
Curd after cutting 0.02 | 0.14 
Whey after cutting. 0.04 | 0.24 
Curd at dipping 0.05 | 0.20 | Trace , 
Whey at dipping 0.13 | 0.36 | Trace 
Curd at molding 0.07 | 0.26 | Trace | Trace | Trace 
Cheese, 1 day old 0.36 | 0.55 | Trace - 2+ | 


* Cheese made with Streptococcus thermophilus (strains $ 
and T4). Figures represent the average of two trials. 


the lactic acid bacteria. Titratable acidity values after 

5 and 10 hr of incubation of the four different species o! 

lactic acid bacteria are summarized in table 3. The! 
addition of these compounds had no effect on the acid 

production of any of the four species of lactic acid 

bacteria. 


Development of acidic carbonyl compounds during > 


, 
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cheese making. To determine the relationship of the 
lactic acid bacteria to the formation of acidic carbonyl 
compounds during cheese manufacture, Provolone 
cheese was made with L. bulgaricus R and V-12 or S. 
thermophilus S and T-4 used as the starter cultures. 
Analyses for keto acids were made at various steps in 
the manufacturing process. The data in table 4 for S. 
thermophilus (strains S and T-4) are typical results for 
both species of bacteria used. As reported for sterile 
milk cultures, the pyruvic and a-ketoglutaric acid 
contents decreased during the initial stages of growth 
(through the cooking process of the curd). By the time 
the curd was ready to dip (about 30 min after cooking) 
the concentrations of pyruvic and a-ketoglutaric acids 
in both the curd and the whey were higher than in the 
original milk and culture mixture. These acids con- 
tinued to increase in the curd during the molding 
process and until the cheese was 1 day old, the last 
point of examination. Other keto acids were not evident 
until dipping when glyoxylic acid was observed. a-[eto- 
isocaproic and a-acetolactic acids were first found when 
the cheese was ready to mold. 


DIscUSSION 


The studies of the four species of lactie acid bacteria 
indicates common metabolic processes with respect to 
the formation of keto acids during the fermentation of 
milk. Earlier preliminary work by Bassett and Harper 
(1958) showed that citrate is a precursor of the a-keto- 
glutarie acid and lactose is probably the precursor of 
pyruvie acid formed by these bacteria. 

The decrease in pyruvic and a-ketoglutarie acids in 
milk during the first 6 hr of incubation suggests that 
these acids are readily utilized by the lactie acid 
bacteria. However, the fact that additions of these keto 
acids to milk had no effect on acid production indicates 
that the metabolic processes giving rise to the accumula- 
tion of keto acids may not be directly related to the 
lactic acid production. This hypothesis is supported 
further by the fact that all cultures produced the same 
titratable acidity regardless of the transfer history, but 
that the type and concentration of keto acids increased 
with increasing transfer frequency. 

The synergistic effect with respect to the accumula- 
tion oi keto acids, in cultures of mixed lactic acid 
bacteria, is similar to that observed by Hamdy, Harper, 
and Weiser (1955) for amino acids. The fact that combi- 
nations of different species of lactic acid bacteria 
resulted in a greater accumulation of a-ketoglutaric 
acid than single strains is not readily explainable but 
may be related to an antagonistic effect of the combined 
bacteria on the utilization of the keto acid by the 
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individual species. On the other hand, the increased 
concentration of a-ketoglutaric acid may be because the 
combination of bacteria results in accelerated metabo- 
lism of one or all strains of bacteria and thereby in 
accelerated production of this acid. Definite differences 
in rates of formation and utilization of the various 
keto acids is evident and the effects of combinations 
of organisms on keto acid accumulation is un- 
predictable. 


SUMMARY 


The homofermentative lactic acid producing bacteria, 
Lactobacillus lactis, Lactobacillus bulgaricus, Strepto- 
coccus lactis, and Streptococcus thermophilus, were similar 
with respect to their ability to produce keto acids 
during the fermentation of milk. Pyruvie and a-keto- 
glutaric acids were formed in relatively large concentra- 
tions and small amounts of oxaloacetic, oxalosuccinie, 
glyoxylic, a-acetolactic, and a-ketoisocaproic acids 
were formed under certain conditions. An_ initial 
utilization of pyruvic and a-ketoglutaric acids originally 
present in the milk was followed by subsequent in- 
creases in these acids and the appearance of a-aceto- 
lactic acid during 24 hr of incubation. However, the 
addition of pyruvic and a-ketoglutaric acids to milk had 
no effect on the acid production of the various lactie 
acid bacteria. Increasing the frequency of transfer of 
the test cultures resulted in changes in the concentra- 
tions and number of keto acids formed. Combinations 
of species of lactic acid bacteria changed the concentra- 
tions and types of keto acids found. The formation of 
keto acids by lactie acid bacteria during cheese manu- 
facture was similar to that in sterile milk. 
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A review of the literature has revealed a scarcity of 
attempts to compare directly various methods proposed 
for the detection of Salmonella organisms in food prod- 
ucts. Unfortunately, often it has been assumed that 
methods useful in clinical or public health laboratories, 
engaged in identifying cases and carriers, are also 
suitable for the examination of food products. Further- 
more, in many instances new methods have not been 
adequately proved in effectiveness nor have they been 
subjected to comparisons with noninhibitory media to 
determine how well they will support the growth of 
Salmonella. Productivity, as well as selectivity, is very 
important where interest lies in quantitative determina- 
tion or in the detection of small numbers of Salmonella 
in a food product. 

The medium selected should not only be noninhibi- 
tory for Salmonella, either alone or when combined with 
the product under examination, but should also be 
capable of supporting growth of small numbers of 
organisms especially in higher dilutions where any 
possible nutritional or inhibitory substances from the 
food under test would have been diluted out. 

In a previous paper, North and Bartram (1953) 
demonstrated the favorable effect of L-cystine on the 
productivity of selenite F broth. These findings were 
confirmed by Byrne, Rayman, and Schneider (1955) 
and more recently by Taylor, Silliker, and Andrews 
(1958). Among other things, Taylor ef al. compared 
selenite cystine (SC) broth with broths prepared with 
dulcitol or mannitol instead of lactose. They found no 
statistical advantage by these substitutions and thereby 
confirmed Leifson’s (1936) claim that there was no 
improvement when a carbohydrate other than lactose 
was used. Also, they found that the selenite brilliant 
green sulfapyridine enrichment broth of Osborne and 
Stokes (1955) and Stokes and Osborne (1955) did not 
produce more isolations of Salmonella and in some 
instances was markedly inferior to the SC broth. 
Comparative studies by the author (unpublished) on 
various enrichment broths showed that these modifica- 
tions which contain brilliant green, with or without 
sodium sulfapyridine, were inferior to SC broth in 
productivity. 


In another paper, Silliker and Taylor (1958) called 
attention to “skips” occurring in the most probable 
numbers (MPN) determinations which involved the 
testing of 10-, 1.0-, and 0.1-g portions of dried egg white, 
using SC and tetrathionate (TT) as enrichment media, 
They found that, by centrifuging, a soluble inhibitory 
substance could be decanted without appreciable loss of 
microorganisms. The sediment cultured in either SC or 
TT enrichment broth permitted detection of small 
numbers of Salmonella frequently missed when large 
amounts of egg white were cultured directly in. the 
enrichment broth. The author has confirmed the 
superiority of this method over direct enrichment in 
either SC or TT broth for the examination of egg 
whites. 

We have encountered difficulty in the detection of 
small numbers of Salmonella in other foods where 
relatively large portions are cultured directly in selee- 
tive enrichment media. In testing a variety of dried food 
products, we have found that reconstitution in water 
or broth and incubation for several hours prior to 
inoculation of selective enrichment media significantly 
enhances the recovery of Salmonella, presumably at- 
tenuated by prolonged storage in the dry state. 

The purpose of this paper is to describe (a) a proce- 
dure employing a nonselective medium, lactose broth, 
for pre-enrichment of dried foods prior to inoculation 





of selective media, which eliminates “skips” in quanti 
tative estimations of Salmonella, and (b) the results of | 
this procedure in the examination of commercially 
produced dried egg white. 


MATERIALS AND Meruops 
Lactose Broth Pre-enrichment Method 
1. Weigh into sterile wide-mouth secrew-capped jars 
of at least 8-0z capacity, one 14-g and two 10-g portions 


of dried egg. To the one 14-g portion add 126 ml ol 
sterile lactose broth (APHA, 1955). Since it is important 


in preparing serial dilutions that the egg be perfectly | 


dissolved or suspended without lumps, add only a small 
amount of the diluent (not more than 30 ml) and sti! 
with a sterile glass rod so that the egg is thoroughly | 


wetted. Now add with constant stirring the remaindet | I chict 
Be whic 
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of the diluent. Let stand for about 1 hr. After shaking, 
the egg should be free from lumps. 

Dissolve or suspend the two 10-g portions by adding 


«each jar 90 ml of sterile lactose broth in the same 
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manner as described above. 

Some lots of egg white, particularly those produced 
hy the fermentation process, may be so acid as to lower 
the pH of the lactose broth below that optimum for 
srowth of Salmonella. If such is the case, the emulsion 
should be neutralized to a point above pH 6.0, prefer- 
ably to pH 7.0, by the addition of N-NaOH. 

2, From the 14-g¢ sample of diluted egg, remove 
three 10-ml, three 1.0-ml, and three 0.1-ml portions, 
transferring each portion into a tube containing 10 ml 
of sterile lactose broth (with inner fermentation tubes 
for simultaneous coliform determination). This 
provides: 

3 jars containing 10 g of egg (the remainder of the 
l4-g sample is slightly in excess of 10 g of egg). 

3 tubes containing 10 ml = 1 g of egg each. 

3 tubes containing 1 ml = 0.1 g of egg each. 

3 tubes containing 0.1 ml = 0.01 g of egg each. 

Further decimal dilutions may be prepared in the 
usual manner to detect higher levels of contamination. 

3. Incubate the inoculated tubes and jars for 24 hr at 
35 C. 

4. Using a 5-mm loop make transfers from the jars 
and from those lactose tubes, which show growth, to 
1.0 ml of SC broth in small tubes (14 by 100 mm). Tilt 
the lactose tubes and jars to assure sampling the culture 
and not egg froth. Incubate 6 to 7 hr at 35 C. 

5. Streak each tube of SC broth on Salmonella- 
Shigella (SS), brilliant green, and bismuth sulfite agar. 
The SC broth tubes should be reincubated for the full 
24-hr period and examined for growth which may not 
have been apparent during the shorter period. Re- 
streaking at this time may in some cases increase the 
recovery of Salmonella. 

The surface of an entire plate may be used but with 
the multiple tube “‘set up’’ it is possible to conserve on 
the number of plates by marking off the bottom of each 
plate into three segments with a wax pencil to provide 
streaking area for the three tubes representing the 
same dilution. Modification of the streaking technique 
is necessary to avoid overcrowding and provide good 
isolations. The material on the loop may, in large 
measure, be knocked off on the side of the tube above 
the culture. Puncture the periphery of the agar close to 
the edge of the plate several times (3 or more) before 
streaking. It is advisable, in the case of brilliant green 
medium, to use an entire plate for streaking each tube of 
a dilution because of the lack of selectivity of this 


' medium for Salmonella over lactose fermenters and 
} some other types. An additional precaution in streaking 


is to avoid creating aerosols from vibration of the loop 


which may encroach upon an adjoining segment. 
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As a screening procedure on samples of unknown 
Salmonella level, the three 10-g, three 1.0-g, three 0.1-g, 
and three 0.01-g portions are usually sufficient. How- 
ever, should all these dilutions be positive and informa- 
tion as to total Salmonella content be needed, a repeat 
examination extending the dilutions will be necessary. 

6. lish suspected colonies and confirm as to genus 


or species by the usual serological and/or biochemical 
tests. 

7. Caleulate the MPN per 100 g from Hoskins 
Tables! (Hoskins, 1934). 

The selective media used for comparison of direct 
enrichment procedures were: 

(a) Kauffmann’s modification of TT broth (TTK)? 
(Barnes, 1944) prepared as follows: 

To 1000 ml of reconstituted tetrathionate dehydrated 
base medium (BBL or Difco) add 20 g sodium thiosul- 
fate, 40 g CaCO, (precipitated chalk) and 1.0 ml of 
1.0 per cent brilliant green, (1:100,000). 

Autoclave at 15 lb (121 C) for 15 min. 

At time of use cool below 50 C, and add 2.0 ml per 
100 of the-iodine solution (6.0 g iodine, 5.0 g potassium 
iodide, and 20 ml distilled water). 

(b) Modified TT broth (TTH) (Hajna and Damon, 
1956). 

Note: This medium is not autoclaved but heated 30 
min in flowing steam. 

(ce) SC broth* (North and Bartram, 1953) as follows: 

Polypeptone (BBL),* 5.0 g, or Tryptone (Difco),> 4.0 
g; lactose, 4.0 g; sodium acid selenite, 4.0 g; dibasic 
sodium phosphate (anhydrous), 5.5 g; monobasic potas- 
sium phosphate (anhydrous), 4.5 g; water, 1000 ml; 
L-cystine (1.0 per cent®), 1.0 ml. 

Steam in Arnold sterilizer 15 to 20 min (do not auto- 
clave). 

The medium needs no adjustment since the reaction 
will approximate pH 7.1. 

The streaking media consisted routinely of SS agar 
(BBL) and bismuth sulfite agar (BBL). To shorten the 
task of streaking the many dilutions used in these 
experiments, brilliant green agar was omitted. 


‘ When three 10-g samples are tested and all are negative the 
result is recorded as <3.6 per 100 g. When only one 10-g por- 
tion is tested and found negative the result is recorded as 
<10 per 100 g. 

2 Complete formulae is given here, since the reference cited 
does not refer to F. Kauffmann and it is not included in his 
text, Enterobacteriaceae. 

3 This simplified formula was not specifically included in the 
reference cited. 

4 Baltimore Biological Laboratory, Inc., Baltimore, Mary- 
land. 

5 Difeo Laboratories, Ine., Detroit, Michigan. 

6 ,-Cystine was prepared by dissolving 1.0 g in 10 to 20 ml 
of N NaOH and making up to 100 ml with distilled water. One 
milliliter per L equals 10 mg per L or 10 wg per ml. 








RESULTS 


Experiment 1. To compare the above enrichment 
media with the lactose pre-enrichment method a lot of 
naturally infected dried egg white was chosen because 
of its fairly low incidence of Salmonella organisms. 

To increase the precision of the results, 15 tubes each 
of lactose, SC, and of the two TT broths (TTK and 
TTH) were prepared for inoculation with 1.0-g and with 
0.1-g portions of the dried egg white. Measured volumes 
of media were used so that the concentration of the egg 
in all the media would be equal, or 5 per cent and 0.5 
per cent, respectively. In addition, one jar containing 
10 g of egg white in approximately 100 ml of each of the 
respective media was prepared and run simultaneously. 

Table 1 presents the results in MPN values and lists 


the Salmonella species isolated by the various proce- 


dures. The marked increase in the MPN recovery by 
the lactose pre-enrichment method over direct inocula- 
tion in any of the enrichment broths will be noted. The 


Comparison of 


TABLE 1 


lactose broth 


pre-enrichment with direct 


inoculation of selenite cystine (SC) and tetrathionate 
(TTK and TTH) broths for recovery of salmonellae 
from naturally infected dried egg white 


Medium and or 


Method 

hr 
SC 24 
SC 48 
TTR 24 
TTK 48 
TTH 24 
TTH 48 
Lactose 24 
sc 7 
Lactose 24 
sc 24 


Lactose 48 
SC 7 


Lactose 48 


SC 24 
Lactose 24 
TTH 24 


Lactose 48 
TTH 24 


Tubes Positive for 


Salmonellae 
10 g, ig, | 01g, 


1 por- 15 rep- 15 rep 


tion licates licates 
1 7 2 
1 9 2 
1 13 0 
1 14 0 
1 2 0 
1 9 0 
1 15 6 
1 15 1] 
1 15 12 
1 15 13 
1 15 9 


MPN 
per 
100 g 


80 
98 


160 


200 


78 


490 


1130 


1300 


1700 


790 


1700 


Coliform MPN = 2400 per 100 g. 


Salmonella Species 


S. montevideo 

S. montevideo and S. 
anatum 

S. montevideo and S. 
reading 


S. montevideo and S. 
reading 
S. montevideo and S. 


reading 


—R 


montevideo and S. 
reading 


HR 


S. read- 
anatum 


. montevideo, 
ing, and S. 


wR 


, S. read- 


anatum 


. montevideo 
ing, and S. 


—”R 


. montevideo, S. read- 


ing, and S. anatum 


—R 


.montevideo, S. read- 
ing, and S. anatum 
S.montevideo, S. read- 

ing, and S. 
S. montevideo, S. read- 


anatum 


ing, and S. anatum 
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results in the two TT broths are not conclu-ive fop 
arriving at an evaluation of their relative mevits. Ty 
demonstrate statistically the superiority of on. tetra. 
thionate modification over the other, a muc! larger 
series of experiments would be necessary. Both of these 
modifications, however, showed higher MPN oadings 
when the cultures were streaked after 48 hr of incuba. 
tion. This was also true, although not so pronounced, in 
the SC broth. Productivity tests, by means of compara. 
tive MPN determinations, using broth cultures of 
Salmonella, repeatedly have demonstrated greater ye- 
covery in SC broth than in either modification of the 
TT medium after 24 hr of incubation. 

It is interesting to observe that the coliform MPN per 
100 g (not included in the table) in these eggs was 2400 
and the Salmonella MPN per 100 g was 1700 by the 
lactose pre-enrichment method, whereas the highest 
Salmonella MPN per 100 g by any of the direct enrich- 
ment procedures was 200. After 24 hr in lactose broth 
followed by loop transfers to SC broth and 7 hr of 
incubation at 35 C, the Salmonella MPN per 100 g was 
490, and was increased to 1300 per 100 g after 24 hr of 
incubation. A maximal value of 1700 per 100 g occurred 
after 48 hr in lactose broth and 24 hr in SC or TTH 
broth. By the lactose pre-enrichment procedure, 1e- 
covery of the different Salmonella species found in the 


TABLE 2 
Lactose broth pre-enrichment compared with direct inoculation 
of selenite cystine and tetrathionate broth for the examination 
of naturally infected egg white powder 


Comparative MPN per 100 g 


Sample 
“i Tetrathionate Selenite cystine Lac seid gy ggg 
(TTH),* 48 hr (SC), 24 hr m SC. 24 hr 
1 2.4 X 105 2.4 X 10° 46 X 10° 
2 17 X 10° 17 < 30° 92 X 10° 


* Hajna and Damon (1956) modification. 





TABLE 3 
Comparison of centrifugation method and 
lactose broth pre-enrichment method 


Egg White 


Method 10 g, 1.0 g, 1071 g, | 10-2 g, | 10-3 g, 
1 por- | 3 repli- | 3 repli- | 3 repli- | 3 repli- MPN per 
tion, cates, | cates, | cates, | cates, | ~ 100 pe 
NO. pOS-| NO. pos-| NO. pos-| NO. pos-| no. pos- . 
itive itive itive itive itive 
Centrifugation 1 3 3 2 0 11, 000° 
Lactose broth, 24 
hr; SC, 7 hr 1 3 3 3 2 = |110,000* | 
Lactose broth, 24 
hr; SC, 24 hr 1 3 3 3 2 


redominating species isolated was Salmonella montevideo. 
No attempt was made to determine the number of species pres- 
ent. 


*p 


110, 000° 
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product was facilitated. It is apparent that inhibitory 
enrichment media can be selective of species and tend 
to reproduce those which are less susceptible to the 
media. This has been observed in a high count sample 
yhere in SC broth, at high concentration of the egg 
white, the Salmonella colonies on the streak plates 
yere confined to one species, S. montevideo. With lactose 
broth pre-enrichment no difficulty was encountered in 
isolating four additional species. 

Although tetrathionate will give as good recovery 
following lactose pre-enrichment, it has the disadvan- 
tage of requiring longer incubation. 

Experiment 2. In table 2, the Salmonella content of 
two highly contaminated but naturally infected samples 
of dried egg white, as determined by direct enrichment 
in TTH and SC broths and compared with the lactose 
pre-enrichment procedures, is shown. By lactose broth 
pre-enrichment Salmonella recoveries as MPN per 100 
g were 46 X 10® and 92 X 10°; by TTH 2.4 X 10° and 
17 X 10°; by SC 2.4 X 10° and 17 X 10°. On a percent- 
age basis using recovery by the lactose pre-enrichment 


TABLE 4 
Comparison of centrifugation with selenite cystine (SC) direct 
enrichment method in the examination of whole 
eggs with added albumen and artificial flavor 


Method of Direct En 


- hea Centrifugation Method 
richment in SC Broth le acs F 


Sam- MPN MPN 
ple | 10g, | 10g, | 01g, a 10¢,1 1.0¢,5 | 01g. | Per 
No _ — 2 — es portion, | replicates, _— seid 
no. pos- no. pos- no. pos er “hire no. pos- 
itive | itive | itive Ne re itive 
] 0 0 0 (<10 1M 1M 0 20 
2 0 0 0 <10 1M 2M 0 45 
3 |1M*| 1 A* 0 20 | 1M 3AM 0 78 
‘ 1tR 0 0 10 | 1MR|5AM | 2M |} 470 
5 0 0 0 \<10 1M 3M 0 78 
6 j/1R |1R 0 200 |1MR/|3MR{1M |} 110 
* A = Salmonella anatum; M = Salmonella montevideo; R = 
Salmonella reading. 
TABLE 5 


Comparison of lactose broth pre-enrichment with the centrifuga- 
tion method in the examination of dried whole eggs with 
added albumen and artificial flavor 


Method of Lactose Pre-enrich 


ars ‘entrifugation Me 
ment 24 hr; SC 24 hr Centrifugation Method 


No 


: MPN ar Gene MPN 
= O.1g, | per 10.1 | 1:08 | 0-18, | per 
£ | 10g, 1 por-| 1.0 g, 5 rep-| 5 repli- | 100 g eh +e 5 repli- | 5 repli- | 100 g 
Z tion, no. | licates, no. | cates, nie pos- cates, | cates, 
positive sitive 0. pos PR oy no. pos-| no. pos- 
sais ee a oo athe itive itive 
1 |} 1M* 5M 1M | 330|1M 4M | 3M (270 
2,;1M 3M R* | 1M 110 | 1M 0 0 10 
3/1A*M/|5M 11R {1300 |}1AR | 2M | 2M | 93 
4'1AM 1M 1M 40; 1MR 0 0 10 
\ = Salmonella anatum;M = Salmonella montevideo; R = 


Salionella reading. 
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procedures as standard, the TTH broth recoveries were 
0.52 and 18.3 per cent and by SC broth 5.2 and 18.3 per 
cent, respectively. 

Experiment 3. In table 3 the recovery of Salmonella 
from egg white using the lactose broth pre-enrichment 
and the centrifugation method is compared. The egg 
white employed was a mixture of samples of Salmonella- 
free and naturally infected egg white powder. It will be 
seen that in this experiment the lactose pre-enrich- 
ment method gave a 10-fold greater recovery than the 
centrifugation method. The 7-hr and 24-hr streak 
plates, after loop inoculation into SC broth from the 
24-hr lactose tubes, yielded in both instances a Salmo- 
nella MPN per 100 g recovery of 110,000 as compared 
with 11,000 by centrifugation. 

After lactose pre-enrichment for 24 hr and loop 
transfer to SC broth and streaking after 7 hr of incuba- 
tion, the numbers of Salmonella per streak plate ranged 
from few to moderate with little or no interference from 
coliform or other types. After 24 hr in SC broth the 
numbers of Salmonella per plate increased without 
change in the ratio of Salmonella to coliform. 

Experiment 4. Results of a comparison of the centri- 
fugation method with the direct inoculation in SC broth 
in the examination of naturally infected mixture of 
whole dried egg containing added dried egg white are 
given in table 4. The six samples show by direct enrich- 
ment in SC broth, 3 negative (< 10 per 100 g) and 3 posi- 
tive with MPN counts of 10 to 20 per 100 g. By the 
centrifugation method all 6 were positive with counts 
varying from 20 to 470 per 100 g. The species identified 
were S. montevideo, S. anatum, and S. reading. Attention 
is called to the effect of the inhibitory factor which 
may have been incorporated in the whole egg (usually 
not so inhibitory) by the addition of the extra egg 
white and possibly by the substance added to impart 
artificial flavor to the eggs. 

Experiment 5. Other samples of the same eggs were 
examined by the lactose broth pre-enrichment and by 
the centrifugation methods. The results obtained are 
shown in table 5. It will be observed that in all instances 
greater recoveries were obtained by the former method 
which yielded 330, 110, 1300, and 40 Salmonella, 
whereas recoveries by the centrifugation method were 
270, 10, 93, and 10, per 100 g. 


Examination of Commercial Dried Egg White 

A survey of dried egg white produced in 11 egg 
drying plants’ revealed that of 79 samples examined, 30 
contained Salmonella (table 6). Six of these samples 
showed 3.6 per 100 g, an additional 9 were under 50 
per 100 g, and in 8 the number of Salmonella ranged 
from 150 to 930 per 100 g. One sample from plant Bo 
contained 4600 per 100 g and 3 additional samples 

7 Plants designated A to I. Letter with subscript represents 
same company at different locations. 
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from the same plant showed very high counts of 





to 54 X 10’, whereas two from the same pl:nt wer had beet 





































Salmonella, which ranged from 1.1 X 10° to 1.1 X& 10° negative (< 3.6 per 100 g). All 6 of the samples with longer P 
per 100 g with multiple species isolated. Two samples high Salmonella content were pan-dried produc’ s, of these 
from plant H ranged in MPN per 100 g from 1.0 & 10° In an attempt to determine the possible source of the IP ach pre 
high levels and incidence of Salmonella found in: some of B salmon: 
TABLE 6 the commercial samples of dried egg, line samples were montevii 

Salmonella examination by the lactose pre-enrichment obtained from the same 11 plants. The samples con- 


method of commercial dried egg white sisted of the liquid egg, and as far as possiple, samples 


from the intermediate stages to the final dried product. The « 


No. No. 
e The dried egg white was examined by the lactose pre. 


Plant pein Nega-| Posi- 
a" | tive | tive 


MPN Sz - : a ms 
ienten Salmonella Species Identified 


shown | 








= PR Os ee ; _ enrichment method and the liquid eggs by direct inocu. BB of the | 
A 7 bu lation into SC broth.’ In some cases only one 10-g and 
ee | a | a 3.6 | S. montevideo lesser portions of the dried eggs or one 10-ml and lesser 
3 hae oe a ie i : amounts of the liquid eggs were examined and, when 
” Be . . ‘s ee Bice xh oe : negative, the MPN per 100 g was expressed as <10, 
are i. 1 12 3.6 | S. infantis When three 10-g portions were included, the negative dane 
2 9.1 | S. infantis and S. monte- reading was expressed as <3.6. 
video The results recorded in table 7 show that the samples A 
1 bes S. bareilly and S. infantis from plants A, B,, B;, C, D, and G were negative 
7 Brien > pee “— for Salmonella (MPN per 100 g of <3.6 or <10.0). 
pallies. vied B.enale- The pan-dried albumen produced in plant A showed : 
video 430 organisms per 100 g of S. montevideo, although the B, 
2t 1 | 2.4X 105 | S. bareilly; S. tennessee, liquid fermented egg white was negative. 
and S. norwich The untreated liquid egg white from plant B» was 
1 1.1 X 10° | S. oranienburg and S. ; a or : Be 
SoA also negative (<3.6 per 100 g) but the inoculum used 
St ES ee Se eee wa to start the fermentation process contained 240 S. 
B, | 6 6 montevideo per 100 ml, and the fermented liquid eggs 
{= i a aes ee ——— contained 1500 per 100 ml Salmonella. Species isolated 
Cc ef | 4 1 230 S. oranienburg were S. montevideo, S. infantis, and S. bareilly; however, ” 
oe. 26) ae basell as typhi sian in the finished, dried whites, only S. montevideo (9.1 per 
D- t or 6 100 g) was found. ; 
cP is 43 S. montevideo In liquid untreated egg white at plant E, an MPX — — 
1 430 S. montevideo of 150 per 100 g of S. pullocum was found in one sample C 
1 10 S. montevideo and < 3.6 per 100 g in a duplicate sample. Two samples f D 
Eb. oo ae .-s-.e a of dried egg were negative or < 3.6 per 100 g. 
Oe ede ee a Meee es om At plant F the untreated liquid eggs contained 23 per F - 
F 6 1 1 240 S. oranienburg and S. 100 g S. infantis and in the dried product the count was BE 
montevideo 240 per 100 g. 
| 150 | S. infantis From plant H the untreated liquid eggs showed 2400 
—- a wee &. per 100 ml of S. montevideo and S. infantis and 2.4 X , 
1 350) 5. evenieahure 10° per 100 ml in the fermented eggs. The pan-dried 
1 350 S. montevideo whites showed an MPN per 100 g of 4.6 X 10° with 5. 
nn GA GS a: _ montevideo predominating. The liquid fermented eggs 
G {6 | 6 contained four Salmonella species, S. oranienburg, 8." 
a lot : oP 5.4 sas _ mI iit s. pea montevideo, S. infantis, and S. tennessee. Two prior ( 
saline aie db liuaes production spray-dried, enzyme-fermented samples 
1 1.0 X 10° | S. bareilly and S. bre- from this plant were negative or <3.6 per 100 g. ; 
deney At plant I, the Salmonella content in the liquid 7 
. 2 untreated eggs was negative (< 3.6 per 100 ml). The 
- re la a : “a. le rae a eggs fermented with enzyme showed 2400 per 100 ml 8.4 
1 4G S. oranienburg oranienburg, the same species being found in the dried 
1 3.6 | S. oranienburg product (46 per 100 g). 
2 24 S. oranienburg It should be noted (table 6 and 7) that some of the | 
1 9.1 | S. orantenburg samples of dried egg white were taken from lots which 
* Held at 150 F for 1 to 9 days. 8 Lactose pre-enrichment did not sufficiently increase re ‘ 


+ Pan-dried egg white. covery to justify extra time involved in the test. 
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ISOLATION OF SALMONELLA 


had been held at 150 F for periods of 9 days, or for 


longer periods at 120 I. The results of the examination 
of these samples tend to demonstrate the efficiency of 
gich procedures since all but one were negative for 
Salmonella. The exception showed only 3.6 per 100 g S. 


montevideo in a sample of pan-dried albumen. 


The consistently 


DISCUSSION 


greater recovery of Salmonella, as 


shown by data presented, demonstrated the superiority 
of the lactose broth pre-enrichment method over the 


Plant 


By 


Liquid egg whites used as a starter to initiate fermentation. 


Salmonella content of in-plant sample taken during production of dried egg albumen 


Description of Material 


Untreated and fermented 
Spray-dried 

Untreated and fermented 
Pan-dried 


Untreated and fermented 
Dried 


Untreated 

Inoculum* 

Fermented eggs 
Dried 


Untreated 

Fermented 

Fermented 
Dried 


Untreated, fermented, and dried 
Untreated and enzyme fermentation 
Pan-dried 


Untreated 
Untreated 
Dried 

Untreated 
Fermented 
Ditto after cooling 
Dried 
Driedt 


Untreated and enzyme fermentation 
Dried 


Untreated 

Fermented 

Fermented, acidified 
Pan-dried 

Untreated 

Fermented (enzyme) 
Dried 


Held for 20 days at 120 F. 


FROM DRIED EGG ALBUMEN 


other procedures tested. This is particularly apparent 
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in the examination of egg albumen, where, in the lower 
dilutions, the high concentration of the product in the 
selective medium appears to be inhibitory for Salmo- 
nella. This inhibition was not observed when lactose 


pre-enrichment 


is employed. The inhibitory effect of the 


substance has also been noted by Silliker and Taylor 
(1958) who employed centrifugation to allow the inter- 
fering solutions to be decanted off. Our results confirm 
the superiority of this procedure over direct inoculation 


into selective 


TABLE 7 


No. 
Examined 


— bd — dO 


— — DO 


wo -_ nee 


bo 


MPN Salmonella per 
100 ml or g 


<3.6 
<3.6 

3.6 
430 


<3.6 
<3.6 
<3.6 
240 
1500 
9.1 


<10 
<10 

10 
<10 


<10 


<10 
<10 
150 
<3.6 
<3.6 
23 
<3.6 
21 
300 
<3.6 
<10 
<10 
2400 
240 ,000 
16,000 
4.6 X 108 


<3.6 
2400 
46 


media. However, when quantitative 


Salmonella Species Identified 


S. montevideo and S. infantis 
S. montevideo 


S. montevideo 
S. montevideo, S. infantis, and S. bareilly 
S. montevideo 


S. montevideo 


S. pullorum 


S. infantis 


S. tennessee 
S. infantis, S. oranienburg, and S. montevideo 


S. montevideo and S. infantis 


4 -_ _psee text 
3 species) 


S. montevideo (predominate) 


4 species 


S. oranienburg 
S. oranienburg 
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procedures, using higher dilutions, are to be used, the 
precipitate must be completely re-emulsified, a process 
which is frequently difficult to accomplish. 

There are several other factors which may contribute 
to this enhanced recovery. The processes employed in 
drying egg products as well as prolonged freezing serve 
to attenuate or reduce the viability of most microorgan- 
isms and a selective medium does not offer as favorable 
conditions for growth of these organisms as exist in a 
noninhibitory medium such as lactose broth. By pre- 
enrichment, a larger number of organisms, in a state of 
active growth, will be transferred to the selective 
medium, with a correspondingly better chance for 
multiplication therein. Results employing a selective 
and nonselective medium (plain broth), have demon- 
strated that with a 24-hr pure culture of Salmonella, 
the former will give lower recoveries, indicating an 
inhibitory effect. 

With pure cultures the use of a plain broth might 
prove as satisfactory as one containing lactose; how- 
ever, in the presence of a mixed flora, the fermentation 
of the carbohydrate (lactose) results in a lower pH 
which serves to hold in check other types of micro- 
organisms. This pH change does not appear to be 
sufficient to affect the growth of or be lethal for Salmo- 
nella since recoveries from lactose broth could be made 
over a period of at least a week without loss. 

In addition to the greater numerical recovery of 
Salmonella, the pre-enrichment method results in many 
instances in the isolation of additional species, particu- 
larly in the lower dilutions which contain a higher 
concentration of the egg albumen. Since the additional 
species were demonstrated by direct inoculation from 
the higher dilutions, it would appear possible that the 
inhibitory effect of the egg white in the selective media, 
SC and TT, may vary considerably for different species. 
These observations are illustrated in the results pre- 
sented in table 1. On direct inoculation, S. montevideo 
was the predominating species isolated with recovery of 
S. anatum or S. reading in the highest dilution. How- 
ever, by the lactose pre-enrichment all three species 
were isolated from all dilutions. 

Surveys conducted on dried albumen, produced by a 
major portion of firms preparing this item, have re- 
vealed that the majority of the samples were free of 
Salmonella. However, the output of a few manufacturers 
were contaminated to a high degree. Attempts to 
demonstrate the factors responsible for the high inci- 
dence of Salmonella in these samples have not been 
completely successful. Definite increases were apparent 
in some instances in the liquid egg during fermentation. 
The two plants whose products contained the highest 
numbers of Salmonella and the greatest number of 
types routinely utilized the fermenting albumen as an 
inoculum for subsequent batches. Although these plants 
also employed pan drying, it would appear that the 
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high degree of contamination resulted in par: 


trom a 
build-up from batch to batch. However, ac itiona| 
sampling would be necessary to demonstrate the 
significance of these observations. In one insiance a 


reduction in Salmonella content was demonst?ated in 
dried product held for 20 days at 120 F. This is in 
accord with the findings of Banwart and Ayres (1956) 
who demonstrated marked reduction of Saimonelly 
in egg albumen stored at this temperature, withou: 
loss of functional properties of the product. 

The marked increase in numbers of proved cases oj 
salmonellosis reported by the National Office of Vita! 
Statistics (1959) and the occasional association of egg 
products with salmonellosis outbreaks, warrants adop- 
tion of methods of analysis capable of detecting the 
presence of Salmonella in small numbers. This is espe- 
cially true in the case of egg albumen which is frequently 
employed in food products without adequate cooking to 
destroy these organisms or which is not held at suff- 
ciently low temperatures to prevent their multiplication, 
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SUMMARY 


A lactose pre-enrichment method for detecting Salmo- 
nella when present in small numbers in dried egg 
products has been described. Higher most probable 
number counts have been demonstrated by this method 
than by direct enrichment methods. The natural inhibi- 
tory effect exerted on Salmonella by high concentration 
of egg white is not operative in lactose broth, and there- 
fore fewer ‘‘skips’” are encountered by this method 
than by direct enrichment methods. 

The results obtained during a survey of commercial 
production of dried egg white occasionally show very 
high counts of Salmonella, with some indication that 
increases may occur during the desugaring process. 
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Raw milk commonly contains staphylococci, and 


various dairy products have been implicated in staphy- 


lococeus food poisoning outbreaks. Increasing interest 
has been shown in the characterization of staphylococci 
during recent years. Characteristics such as coagulase 


‘and hemolysin production, formation of enterotoxin, 
! mannitol fermentation, gelatinolytic and __ lipolytic 


action, bacteriophage type, antibiotic resistance, and 
pigmentation have been of particular interest. Staphy- 
lococci isolated from raw milk were characterized using 
these various criteria in an attempt to evaluate the 
significance of raw milk as a reservoir of staphylococci 
of potential importance from a public health stand- 
point. 

Evans and Niven (1950) reported that most entero- 
toxigenic staphylococci were members of the coagulase- 
positive group. However, they did not preclude the 
possibility that some varieties of coagulase-negative 
staphylococci also might be associated with food 
poisoning. Evans, Buettner, and Niven (1950) reported 
that 24 cultures of coagulase-negative staphylococci 
were fed to 59 monkeys without a single symptom of 
illness appearing, whereas 14 cultures of coagulase- 
positive staphylococci produced typical food poisoning 
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symptoms in 11 cases. On the basis of these reports, 
only coagulase-positive staphylococci were considered 
potentially enterotoxigenic, and were isolated from 
raw milk and examined in this study. 


MATERIALS AND METHODS 

Nineteen raw milk samples of manufacturing grade 
were collected from individual Iowa producers, all of 
whom used bulk tanks for cooling and holding of the 
milk, during the period from March through May, 1959. 
During June, July, and August, 20 samples of grade A 
milk were collected from producers in the Iowa State 
University milkshed. 

The milk was plated on a modified Tellurite-glycine 
medium consisting of Trypticase, 5 g; Proteose peptone, 
5 g; yeast extract, 5 g; glycine, 8 g; mannitol, 15 g; 
KeHPOs,, 5 g; LiCl, 5 g; and agar, 15 g. A 1 per cent 
potassium tellurite solution was prepared and sterilized. 
Twenty milliliters of the solution were added asepti- 
‘ally to 1000 ml of the medium after it had been auto- 
claved at 121 C for 20 min and cooled to 50 C. A sur- 
face plating technique was used. Plates were incubated 
at 37°C for 48 hr. Isolations for further study and 
characterization were made from typical coagulase- 
positive staphylococcus colonies, appearing smooth, 
convex, glistening, and jet-black in color. 

The tube coagulase test was performed, using War- 
ner-Chileott diagnostic plasma,> on 24-hr Tryptose- 
phosphate broth cultures. Chapman (1944) suggested 
the use of this medium because it enhances clotting 


5 Warner-Chileott Laboratory Supply Division, Morris 
Plains. New Jersey. 
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power. An organism was recorded as 5+ if a definite 
clot was visible after incubation in a 37 C water bath 
for 1 hr, as 4+ if a definite clot was first visible after 
only 2 hr, and as 3+ if the clot first became visible 
only after 3 hr under these conditions. After 3 hr at 
37 C, all tubes were allowed to remain overnight on the 
laboratory bench at room temperature. Cultures demon- 
strating a questionable clot at 3 hr and a definite clot 
2+. The 
symbol + was used to designate any cultures appearing 
negative after the 3-hr incubation period in the water 
bath, but developing a clot overnight. Those cultures 
still showing no clotting were recorded as negative (—). 

The Hucker modification of the Gram stain was used. 
Preparation of reagents for the stain and the staining 
method used were according to the Manual of Micro- 
biological Methods (Society of American Bacteriologists, 
1957). Pigmentation, mannitol fermentation, and 
gelatin hydrolysis were determined by streaking pure 
cultures on staphylococcus medium no. 110 (S-110) 
plates with incubation at 37 C for 43 hr (Difco manual, 
1953). The designations 3+, 2+, + and — were used 
for the varying degrees of pigmentation ranging from a 
deep golden color to those showing no pigment. After 
pigmentation was recorded, a few drops of bromcresol 
purple were added to determine mannitol fermentation. 
All cultures not shown to ferment mannitol by this 
method were placed in a phenol red mannitol salt 
(PRMS) broth and incubated at 37 C up to 4 days. 
Finally, the S-110 plates were flooded with a 20 per 
cent solution of sulfosalicylic acid and allowed to 
stand in the 37 C incubator for 15 to 20 min before 
gelatin hydrolysis was determined. A more distinct 
zone of clearing was obtained around gelatinolytic 
colonies by using the sulfosalicylic acid solution rather 
than a saturated solution of (NH4).SOx,. 

The lipolytic action of a limited number of isolates 
was determined by streaking cultures on the surface of 
spirit-blue agar recommended by Starr (1941). Coconut 
oil was used as the triglyceride substratum. Plates 
were incubated at 32 C up to 4 days, being checked 
daily. 

Hemolysin production was determined on plates 
prepared with Difco blood-agar base® plus 5 per cent 
defibrinated sheep blood. After streak inoculation, the 
plates were incubated at 37 C for 24 hr and refrigerated 
for another 24 hr before final examination. The a-, 6-, 
and a-/8-hemolysin activities were recorded. 

Bacteriophage typing was done as prescribed by 
Blair and Carr (1953) and J. E. Blair (personal com- 
munication). The agar used for typing contained beef 
extract, 3 g; yeast extract, 5 g; Tryptose, 15 g; NaCl, 
5 g; and agar, 15 g; per 1000 ml. The propagating 
broth was of the same composition with the exception 


after standing overnight were reported as 
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of agar. Staphylococcus cultures grown in broti: for 4 hy 





at 37 C were smeared on the dried agar suri. ce with 
sterile cotton swabs. Routine test dilutions wer placed 
on the plates in drops with 1-ml tuberculin syringe; 
equipped with 26-gauge needles. Plates were incubated 
overnight at 30 C. 

Antibiotic sensitivity was determined oi: Difeo 
blood-agar base medium in pressed-glass Petri dishes. 


The dried surface was swabbed with the staphylococeus 
cultures. The antibiotic concentrations used were peni- 
cillin, 10 units; chlortetracycline, 30 ug; oxytetracycline, 
30 wg; bacitracin, 20 units; chloromycetin, 30 we; anddi- 
hydrostreptomycin, 100 yg; as found in Bacto-sens.- 
tivity dises.® 

Six isolates were tested for enterotoxin formation, 
using three kittens as experimental animals. Cultures 
were grown on the medium of Dolman (1934) at 37( 
in an atmosphere of air enriched to 20 per cent carbon 
dioxide. Viltrates were prepared essentially in accord- 
ance with the method of Dolman and Wilson (1940) 
and administered intraperitoneally as specified by 
Matheson and Thatcher (1955). 


RESULTS AND DiscussION 

Sixty-two isolations were made from 39 bulk-tank, q 
raw milk samples. When a second isolation was made 
from a milk sample, this second isolate was identical 
with the first in 11 instances and therefore was elimi- 
nated from the report, whereas in 13 samples this 
second isolate was different from the first. Multiple 
isolations were made from two other samples, and in 
both cases three of the four isolates proved to be 
different. 

These results raise the question of how many differ- 
ent staphylococcus strains could be isolated from one 
typical raw milk sample. The present experimental 
work did not attempt to determine this. However, the 
fact that at least three different strains could be isolated 
from the two samples on which four isolations were 
made is important from a possible epidemiological 
standpoint. If only one isolation was made from a 
sample, a completely erroneous picture could be ob- 
tained of the staphylococcus flora of the sample. For 
example, this isolate would not necessarily be the 
dominant strain present in the sample. It also would 
not necessarily react to environmental conditions as 
other strains would. From the standpoint of attempting 
to determine the probable origin of the organisms by 
bacteriophage typing, an entirely false result might be | 
obtained. 





A summary of the characteristics of the organisms 
isolated is presented in table 1. All cultures were gram- 
positive spheres appearing singly, in pairs, and in| 
clumps. Three isolates were mannitol-negative, five 
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fermented mannitol only after 48 hr in PRMS broth, ) 





and the remainder fermented mannitol readily. The 





yo 





Isolate 


21A 
21B 
228 

2B§ 

4A 
4B 
25A 
25B 
260A 
26B 


Zt, § 


28A 
28B 
29A 
29BS 
20C 
30A$ 
30B 
30C 
31A 
31B 
32§ 
338A 
38Bt 
B4A 


) 34B 


ao +e 








[VoL, 9 






th: for 4 hy 
Lice with 
ere placed 


N syringes 
iticubated 
O Difco 
tri dishes. 


Ly 0coccUs 
were peni- 
tracycline, 
ue: anddi- 
ct O-sensi- 


‘ormation, 
. Cultures 
L) at 37C 
nt carbon 
m accord: 
on (1940) 


cified by 


yulk-tank, 


was made 
identical 
vas elimi- 
iples this 
Multiple 
s, and in 
ad to be 


ny differ- 
from on 
perimental 
ever, the 
e isolated 


961] 


Isolate 


12 

13 

l4 

15§ 

16A 
16Bt, § 
178 

18$ 


BI9A 


19B 


A 
20B 


21A 
21B 
228 
238 
YA 
4B 
25A 
25B 
26A 
26B 


27t, § 





28A 
ons were f 5 
, ‘ 28B 
iological 904 
from a} 29B§ 
1 be ob-} 20C 
iple. For |) 308 
be the 3B 
ould 2° 
30 would 9 314 
It1ons as % 31B 
fempting 9 32§ 
risms by tf 334 
: 338Bt 
might be 
8 @ 4A 
© 34B 
. _ 8 
rganisns | 


re gram | 

and in| 
ive, five 
S broth, 9 










ily. The 


Coagulase 
Production 


d+ 
d+ 
2+ 
5+ 
4+ 
5+ 
5+ 
3+ 
5+ 
5+ 
5+ 
5+ 
5+ 


4+ 
5+ 
3+ 
4+ 


5+ 
5+ 
5+ 
3+ 


2+ 
2+ 


5+ 
5+ 
5+ 
2+ 
5+ 
4+ 
5+ 
5+ 
2+ 
3+ 
2+ 


4+ 
5+ 
4+ 
5+ 
5+ 
5+ 
2+ 
5+ 
5+ 
4+ 
5+ 
4+ 
3+ 
5+ 
2+ 


COAGULASE POSITIVE STAPHYLOCOCCI FROM RAW 


Gelatin 
Hydrolysis 


Mannitol 
Fermentation 


” 


* 


t+H+tt+t+t+t+t+et+et+et+et+ets+et 


+++++t+t++4+44+ 


++++4+4+4++4+ 


* Positive only in PRMS broth. 
+ Tested for enterotoxin production with negative results. 


+ 
+ 
SA 
©} 
i 


Pigmentation 


ae 


bo 


mo bw bo n 
He Pea tet FFee eee +4Fi 41 


bo 


°.5 


Lipolysis 


++ 


TABLE 1 


Characteristics of staphylococci isolated from raw 
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Suffixes A, B, and C are used to indicate different isolates from the same source. 
second isolate from the same sample exhibited the same basic characteristics. 
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mannitol-negative isolates were coagulase-positive 
and sensitive only to bacteriophage strains considered 
to indicate bovine origin. The ability of potential food 
poisoning staphylococci to ferment mannitol has not 
been demonstrated clearly. Evans (1948) stated that a 
high correlation could be obtained between mannitol 
fermentation and enterotoxin production, if mannitol 
fermentation was carried out anaerobically. In the 
present study, mannitol fermentation and coagulase 
production were both characteristic of most of these 
cultures, but no group of coagulase-negative strains 
was studied for comparison. In the limited study of 
enterotoxin formation, the five negative and one posi- 
tive isolates all fermented mannitol. 

The eight isolates showing definite coagulase activity 
only after an overnight incubation period were on the 
borderline of showing some clotting after the 3-hr 
incubation period at 37 C. By comparison, no tubes 
gave a positive coagulase test the following morning 
if there was no trace of a clot after the initial incubation 
period. 

Other physiological characteristics are difficult to 
correlate with failure to hydrolyze gelatin. Six isolates 
did not hydrolyze gelatin, although they were strongly 
coagulase-positive. Three of the six isolates which were 
nongelatinolytic were sensitive to bacteriophage types 
considered indicative of human origin; one of these 
was shown to be enterotoxigenic. Of the other three 
isolates which failed to hydrolyze gelatin, one was non- 
typable and two were typed by bacteriophage strains 
considered to indicate bovine origin. 

Pigment production was variable, ranging from the 
deep golden color exhibited by 7 isolates, to the white 
colonies formed by 13 isolates. Variations in pigment 
production were not correlated with other characteris- 
tics. Some workers have proposed that chromogenesis 
be tested on a medium containing 10 per cent evapo- 
rated milk (Fujita and Yoshioka, 1923). Barber (1955), 
and Boniece, Wick, and Holmes (1957) have reported 
the derivation, from typical Staphylococcus aureus 
cultures, of stable white variants which otherwise had 
properties identical to the parent strain. Hussemann 
and Tanner (1949) concluded that chromogenesis is of 
no value in determining potential food poisoning strains. 
Results of the present work appear to agree with their 
conclusions, as the only strain demonstrated to be 
enterotoxigenic was nonpigmented. The 13 isolates 
showing no golden pigmentation possessed no other 
common differential characteristic. 

Of 21 isolates tested, 10 were lipolytic, whereas 11 
were not. Lipolytie ability by the criterion employed 
did not correlate with other characteristics determined. 
The method of determining lipolysis may be an im- 
portant reason for the conflicting reports which appear 
in the literature on the lipolytic action of staphylo- 
cocci. The use of synthetic triglycerides or esters for 


W. 8. CLARK, JR., T. D. MOORE, AND F. E. NELSON 


[VOL, 9 





determining lipolytic action would not be ex) -cted to 
give the same results as are obtained with na: iral fats 
as the enzyme substratum. The present resu. s might 
have been quite different had tributyrin or «1. ester 
such as ethylbutyrate, been used in this pa:: of the 


study. 

Thirty isolates produced both a- and 6-he: olysins, 
19 produced only 6-hemolysin, and 2 produced only 
a-hemolysin. Blair (1928) and Elek and Ley (1950) 
reported that three antigenically distinct hemolysins 
a, 8, and 6, are associated with coagulasc-positiye 
staphylococci. 6-Hemolysin is said to oceur more fre- 
quently with animal strains, whereas a- and 6-hemoly- 
sins commonly occur with human staphylococeus 
strains. For purposes of the present study, all zones 
showing complete lysis of the red blood cells were 
recorded as demonstrating a-hemolysin because no 
strips impregnated with anti-a antiserum were available 
to distinguish between the a and 6 types of hemolysin, 

No between degree of 
coagulase production and bacteriophage sensitivity, 


correlation was observed 


Twenty-five isolates were sensitive only to bacterio- 
phage types considered to indicate bovine origin (Blair 
and Carr, 1953). Twenty of these 25 isolates were lysed 
by a single bacteriophage strain, whereas 3 were lysed 
by two bacteriophage strains and 2 were lysed by three 
bacteriophage strains. 

Nine isolates were sensitive solely to bacteriophage 
types considered indicative of human origin. These 
were typed by a single strain in five instances and by 
four cases. The four most common 
bacteriophage sensitivities in this group were the types 
6, 54, 70, and 73. 

Ten isolates showed sensitivity to bacteriophage of 
both human and animal types. Three isolates typed to 
25, 23, and 20 different bacteriophage strains, respec- 
tively. No isolates typed to strains 55 and 187. 

Coagulase-positive staphylococci lysed by bacterio- 
phage strains 6, 42D, 47, 53, 54, 73, 75, 77, and 83 have 
been implicated in staphylococcus food poisonings by 
various workers (Hausler e¢ al., 1960; Hobbs, 1955; 
U.S. Public Health Service, 1958). However, bacterio- 
phage type proved to be an unreliable basis for differ-| 
entiating enterotoxigenic strains, as one of the isolates | 
typed to seven of these strains but was nonenterotoxi-| 
genic. Two other isolates, negative for enterotoxin 
formation, were lysed by only one of the previously 
implicated bacteriophage strains. A relationship be- 
tween lysis by a single bacteriophage strain or a group 
of strains and the hemolysin pattern also could not be | 
shown, even though a correlation has been reported F 
between hemolysin type and origin of staphylococcus | 
strains (Blair, 1958; Elek and Levy, 1950). 

The possibility that antibiotic-resistant staphylo- | 
cocci occur in dairy products has been considered | 


two strains in 








(Worseck, 1956; Dauer and Davids, 1959). Although | 
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all organisms studied were sensitive to antibiotics, 
lower concentrations of these antibiotics might reveal 
differences in sensitivity which were not apparent when 
using the higher concentrations. 

Five isolates gave negative results for enterotoxin 
formation, and one isolate gave positive results. The 
enterotoxigenic nonchromogenic, 
gelatinolytic, and sensitive to bacteriophage strain 6. 
"Tt was not possible to arrive at definite conclusions 
about the incidence of enterotoxigenic staphylococci in 
raw milk. Only a few isolates were tested and, although 
the kittens were known to be susceptible from control 
tests, the degree of susceptibility varies between ani- 
mals. Because of the limited supply of test animals, only 
one kitten was injected with each filtrate, except when 
a positive test was produced. Then the remaining 
test animals would also be injected with the same fil- 
trate. The enterotoxigenic filtrate produced violent 
results in all three test animals. Many strains of poten- 
tially enterotoxigenic organisms could not be tested for 
lack of facilities. Raw milk definitely may be a reservoir 
of staphylococcus types of potential public health 


isolate was non- 


significance. 
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SUMMARY 


Sixty-two coagulase-positive staphylococci were 
isolated from 39 raw milk samples. In 11 cases a second 
isolation from the same milk sample was identical 
in its characteristics with the first isolate, and this 
second isolate was eliminated from the report. In 58 
per cent of the samples where two or more isolations 
were made, more than one coagulase-positive staphy- 
lococcus strain was obtained. Isolates were tested for 
coagulase production, mannitol fermentation, lipolytic 
and gelatinolytic action, bacteriophage and antibiotic 
sensitivity, Gram stain and morphology, and pigmenta- 
tion. Of six isolates tested for enterotoxin production, 
one gave a positive kitten test. Correlation between the 
various characteristics studied was at a relatively low 
level. 

Raw milk commonly contains staphylococci, many 
of whose characteristics are those frequently associated 
with human origin, whereas other strains have charac- 
teristies commonly associated with bovine origin. 
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When different strains of lactic streptococci are 
mixed and propagated for use in manufacturing cultured 
dairy products, one strain will often dominate and 
become responsible for producing most of the lactic 
acid (Nichols and Ineson, 1947; Czulak and Hammond, 
1954; Collins, 1955; Lightbody and Meanwell, 1955). 
The domination may develop in only one or two daily 
propagations, or it may develop slowly and become 
pronounced only after the mixtures are propagated for 
several days or weeks, depending on the cultures mixed. 
When strain domination has occurred, a single bac- 
teriophage active against the dominant strain 
cause failure in the production of lactic acid. 

Hoyle and Nichols (1948) found that some anti- 
biotic-producing cultures of lactic streptococci domi- 
nated some cultures that did not produce antibiotics. 
Lightbody and Meanwell (1955) studied domination 
among several strains of lactic streptococci and con- 
cluded that rapid domination was the result of the 
production of antibiotics. They suggested that slow 
domination might result from small undetected amounts 
of antibiotics or, alternatively, from small differences 
in growth rate. Collins (1955) failed to find antibiotics 
produced by any of five cultures among which domina- 
tion occurred, but 
tolerance. 

Czulak and Hammond (1954) reported that blends 
of Streptococcus lactis and Streptococcus cremoris were 
more stable than blends of two S. cremoris strains. 
Investigations of these bacteria by Lightbody and 
Meanwell (1955) and Collins (1955) indicated on the 
contrary that there is no relationship between species 
and ability to dominate. 

The present work was undertaken to study domina- 
tion among 33 strains of lactic streptococci, most of 
them used extensively in making cheese (Whitehead, 
1953; Czulak and Naylor, 1956; Collins, 1958). The 
results help to clarify the influences of antibiotie pro- 
duction and of differences in competitive growth 
ability. They also clarify the sensitivities of different 
species and strains of lactic streptococci to the anti- 
bioties produced. 


san 


found small differences in acid 


MATERIALS AND METHODS 


Cultures. Table 1 lists the 33 cultures of lactic strepto- 
cocci used, and their sources and bacteriophage sensi- 


tivities. There were 22 cultures of Streptococcus cremoris, 
5 of Streptococcus lactis, and 6 of Streptococcus diaceti- 
lactis (Swartling, 1951). Differentiation of the species 
was based on the following reactions: type of action on 
litmus milk at 22 C, production of ammonia from argi- 
nine, growth in litmus milk at 40 and 45 C, growth in 
broth containing 4 per cent and 6.5 per cent sodium 
chloride, fermentation of maltose, fermentation of dex- 
trin, production of acetoin, and production of gas. 

Propagating cultures. Cultures were propagated in 
tubes of sterile skim milk fortified with 0.75 per cent 
nonfat milk solids. The skim milk was examined for 
inhibitors (Collins, 1957); any containing inhibitors 
was not used. In propagating cultures, tubes of fortified 
skim milk were inoculated with 1.5 per cent culture, 
incubated 16 hr at 22 C, and refrigerated until reprop- 
agated. Cultures were started from the lyophilized 
state and propagated once daily for 3 to 7 days before 
they were mixed for determining compatability. 

Determining antibiotic production. Each culture was 
tested for production of antibiotics and for sensitivity 
to the antibiotics produced, by the following procedure: 
tryptone yeast phosphate agar (Hunter, 1946) was 
poured into Petri plates and permitted to solidify. The 
plates of agar, open and inverted, were dried at 37 C 
until the agar surfaces were very slightly wrinkled. 
They were then cooled to room temperature, and one 
or two drops of each culture to be tested for sensitivity 
were smeared evenly over an agar surface with a bent 
glass rod. Cultures to be tested for the production of 
antibiotics were grown for 24 hr at 22 C. One drop of 
‘ach was placed on an agar surface smeared with a test 
culture. The inoculated plates were incubated right- 
side up at 22 C and observed after 24 and 48 hr for 
clear zones of inhibition around the drops of cultures 
being tested. 
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Determining strain compatability. Mixtures of two , 


cultures were prepared by inoculating one drop of each 
into a tube of fortified skim milk. Mixtures were incu- 
bated and subsequently propagated daily (6 days per 
week). 

The strains of bacteria in each mixture were tested 
for domination, usually after 1, 7, and 14 daily propaga- 
tions. Four tubes of litmus skim milk were inoculated 
with a mixture, one drop per tube. One tube served asa 
control, indicating activity of the mixture. The second 
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tube received three drops of each of the two correspond- 


ing bacteriophages and served as a check on the bac- 
teriophage sensitivities of the cultures. The third tube 
received three drops of one bacteriophage and the 


F fourth tube three drops of the other. The four tubes of 


inoculated skim milk were compared after incubation 


hor 7 hr at 32 C. This was about 1 hr after the controls 
Hhad coagulated. From the last two tubes it could be 


determined whether one of the strains of bacteria had 


was considered predominant. 


‘dominated. When one bacteriophage retarded coagula- 
‘tion of the mixture, the corresponding strain of bacteria 
Three gradations of 


retardation, 7.e., dominance, were determined as fol- 
lows. Test cultures that were reduced and weakly 
coagulated, reduced and not coagulated, and not re- 
duced or coagulated were considered to indicate very 


TABLE 1 


' slight, slight, and marked domination, respectively. 


Description of the single-strain cultures of the lactic 


Streptococcus 
Species 


+ S. cremoris 


S. diacetilactis 


* This culture was resistant to each of the 
teriophages. 


Culture 


KH 
Cll 
BR4 
HP 
KHR 
FC4 
Z 
C13 
K2 
LTS8 
Rl 
ASF 
C7 
4B 
15C 
AB3 
H6 
Cl 
20A 
C3 
ML4 
990 


C10 
C2 
C6 
356 
365 


957 
DRC2 
NZ 


910 


DRC1 


DRC3 


group of Streptococcus studied 
g P 2°, I 


Source 


New Zealand 
Australia 

New Zealand 
Australia 
Culture KH 
Comm. culture 
Comm. culture 
New Zealand 
Comm. culture 
Comm. culture 
Australia 
Comm. culture 
Australia 
Comm. culture 
Comm. culture 
Comm. culture 
Comm. culture 
Australia 

Raw milk 
Australia 

New Zealand 
England 


Australia 
Australia 
Australia 
England 
England 


Australia 
Iingland 
Australia 
Australia 
New Zealand 


Comm. culture 


Bacteriophage 
Sensitivity 


kh 
ell 
br4 
hp 
khr 
fe4 
Zz 
e13 
e8 

1t8 

rl 
Resistant* 
c7 

4b 

15¢ 

ab3 

h6 

e1,20a 
c1,20a 

e3, ml 4 
e3, ml 4 
Resistant* 


c10 

c2 

c6 
Resistant* 
Resistant* 


drel 

drel 

dre2 

dre3 

drel, dre2, 
dre3 

910 


available bac- 
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A modification of the above test was used to retest 
compatability in cases where the test indicated domina- 
tion among nonantibiotic-producing cultures that had 
been mixed and propagated only once. Each of the four 
tubes of litmus milk was inoculated with one drop of 
ach of the two cultures, bacteriophages were added as 
described above, and the inoculated tubes of milk were 
incubated. An absence of apparent domination in this 
immediate test was considered to validate the previ- 
ously obtained results indicating that one of the cultures 
dominated the other during one propagation. 

RESULTS 

Cultural and bacteriophage sensitivity characteristics of 
the S. diacetilactis cultures. Each of the S. diacetilactis 
cultures included in this study coagulated litmus milk 
during overnight incubation at 22 C, grew at 40C, 
grew in broth containing 4 per cent sodium chloride, 
produced gas, and produced acetoin detectable by the 
Voges-Proskauer test. None of them grew at 45 C or in 
6.5 per cent sodium chloride. All but strain NZ fer- 
mented maltose and dextrin. Only strain DRC3 pro- 
duced ammonia from arginine. None was sensitive to 
any of 23 bacteriophages active against cultures of S. 
cremoris and S. lactis, and none of the S. diacetilactis 
bacteriophages acted on the S. lactis or S. cremoris cul- 
tures. 

Production of antibiotics. The described method indi- 
cated that 10 of the 33 cultures produced antibiotics 
(table 2). Five of the cultures not found to produce 
antibioties (C13, Cll, FC4, BR4, and 15C) were 
studied in further attempts to demonstrate antibiotic 
production. Cultures H6, 4B, C10, and C6 were selected 
and used as test cultures. The following modifications 
of the described method failed to indicate antibiotic 
production: (a) Cultures were incubated for 48 hr 
instead of 24 hr before drops of them were placed on 
agar surfaces smeared with test cultures. (b) Cultures 
were tested immediately after they had been grown for 
5 hr at 32 C. (ce) Cultures were centrifuged and drops 
of whey were used instead of coagulated culture. (d) 
Plates of agar were dried at 37 C for periods longer and 
shorter than the usual time. (e) The pH of the agar was 
decreased to pH 6.0 and to pH 5.3. The neutralized 
whey method of Lightbody and Menawell (1955) was 
also used. Neutralized wheys prepared from each of 
cultures C13, Cll, FC4, and 15C had no greater 
inhibitory effect on the test cultures than wheys pre- 
pared from the test cultures themselves, even though 
the amount of whey in the whey-skim milk mixtures 
was increased to 75 per cent. : 

Strain domination by the cultures that produced anti- 
biotics. For studying strain compatibility, cultures were 
divided into those that produced antibiotics and those 
that did not. Five cultures that produced antibiotics 
(cultures C1, 20A, C3, DRC1, and 910) were tested 
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for ability to dominate each of 22 cultures that did not 
produce antibiotics. (The NZ strain of S. diacetilactis 
was not included.) 

Tests for domination after the 110 mixtures had been 
grown for only one 17-hr propagation revealed marked 
domination in 89 mixtures. Tests run after the remain- 
ing 21 mixtures had been propagated twice revealed 
marked domination in 18 of them. In each of these 107 
vases the dominant culture was the one that produced 
antibiotics. 

Two of the 197 and the three exceptional cases in- 
volved culture C13. This unusual culture did not pro- 
duce antibiotics and had been found resistant to them, 
but these strain compatability experiments suggested 
variability in its resistance. It was suppressed in two 
propagations by cultures C3 and 20A. In the above 
experiment it suppressed DRC1 and 910 slightly, and 
C1 definitely, during 14 propagations. In a later experi- 
ment C13 was suppressed in two propagations by 
DRC1, 910, and Cl. 

Strain domination among cultures that produced anti- 
biotics. Study of strain compatibility among cultures 
that produced antibiotics was limited by the unavail- 
ability of bacteriophages active against cultures 990, 
356, and 365, and by the fact that the other seven cul- 
tures were only four types, as judged by bacteriophage 
sensitivity. Results for eight mixtures that were made 
and tested were as follows. Culture 20A definitely sup- 
pressed C3 in 14 propagations and slightly suppressed 
DRC1 and 910. Culture C3 grew compatibly with Cl 
and very slightly suppressed DRCI and 910. Cultures 
DRC and 910 very slightly suppressed Cl. 

Strain domination among cultures thal did not produce 
antibiotics. The 20 cultures of S. cremoris and S. lactis 
that did not produce antibiotics were tested for com- 
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patibility in all possible combinations of two. Tests 
after one propagation indicated slight dominati:: in 25 
mixtures and very slight domination in 18. Aftc» seven 
propagations there was marked domination in ‘4 mix. 
tures, slight domination in 57, and very slight domina- 
tion in 19. After 14 propagations there was iarked 
domination in 86, slight domination in 54, and very 
slight domination in 13 mixtures. Table 3 gives the 
results after 14 propagations, listing the 20 cultures in 


order of ability to dominate. 

The incubation time at 22 C was usually 16 hr, but 
initially 51 mixtures were prepared in duplicate and 
24 hr was used routinely as the incubation time for one 
set of the cultures. Results with the different incubation 
times were the same, except as follows. Domination 
occurred somewhat sooner in five mixtures and some- 
what later in four mixtures with the 24-hr incubation 
time. 

Mixtures were usually tested for domination by 
incubation for 7 hr at 32 C, after addition of the appro- 
priate bacteriophages. Fifteen mixtures, in which 
various degrees of suppression had been indicated by 
testing at 32 C, were also tested by incubation for 16 hr 
at 22 C. Results at 22 C indicated that suppression had 
occurred in all cases, but in 13 of the 15 cases the sup- 
pression was slightly less than that indicated in tests at 
32 C. 

Three of the bacteriophages used (br4, ¢2, and hp) 
were observed to have “nascent” action (Collins, 1952) 
on certain cultures. In such mixtures inhibition of the 
heterologous culture prevented determination of 
domination except in mixtures in which the heterol- 
ogous culture dominated. 

Influence of skim milk enrichment on occurrence of 
strain domination. The cultures with least ability to 


TABLE 2 


” . Simi 
Test Culture Xo. Similar 


Cultures 

20A C1 
S. cremoris 4B 16* +7 + 
S. lactis C2 2* > 
S. diacetilactis DRC2 2* a ~ 
S. diacetilactis DRC3 lf - a 
S. cremoris Cl. 6§ - _ 
S. diacetilactis DRC1 34 - - 
S. lactis 356. . 24 + + 


7 + = Inhibition; — = inhibition not detected. 


t Results indicating no inhibition of DRC3 by 990 and 957 were considered due 


S. cremoris strain: 


ML4 


+++ 


ob 


Inhibitory effects on lactic streptococci of antibiotics produced by different species of lactic group of Streptococcus 


Action of Antibiotic Produced by: 


S. diacetilactis, strain: S. lactis, strain 


C3 990 DRC1 910 957 356 365 
+ + + + + + + 
+ + + + + + + 
+ + + + + + + 
+ - + + ~ + + 
- = ae = = = le 4 
—_ a ne a ies 
+ - - + + - - 


* This was all of the cultures of this species studied except those listed below. 


, at least in part, to the fact that zones of in- 
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hibition with culture DRC3 were cloudy and difficult to detect. It also is possible that cultures 990 and 957 produced a comparatively | 
, 


low concentration of antibiotic. 


N 
« 


Antibiotic-producing cultures. 





In addition to the five S. cremoris cultures that produced antibiotic, this group includes S. cremoris C13. 
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dominate were generally least active in the production 
of lactie acid. This observation led to comparison of 
domination in skim milk fortified with 0.75 per cent 


domination in skim milk 
enriched with 0.75 per cent nonfat milk solids 0.5 per 
cent giucose, 0.5 per cent yeast extract, 0.5 per cent 


nonfat milk solids with 


trypticase, and 0.5 per cent peptone. Sixteen mixtures 
were prepared and propagated simultaneously in the 
two media for study of the domination of cultures H6, 
4B, C10, and C6 by cultures C13, C11, FC4, and 15C. 
Tests for domination were run after the mixtures had 
been propagated 1, 2, 4, 8, and 14 times. With several 
mixtures, results were the same in the two media. The 
differences observed were as follows: (a) Each of cul- 
tures C13, C11, FC4, and 15C slightly dominated cul- 
ture C10 and markedly dominated C6 in 14 propaga- 
tions or less in the fortified skim milk, but none of them 
dominated C10 or C6 in the enriched skim milk. (b) 
Culture 15C markedly dominated H6 in 14 propagations 
in the fortified skim milk, but not at all in the enriched 
skim milk. (ce) In fortified skim milk, culture C13 
required 8 propagations for marked domination of 
culture 4B, and culture C11 required 14 propagations, 
but in the enriched skim milk the respective number of 
propagations required for marked domination were 
only 2 and 8. 

Study of the reactions of the cultures to various 
nutrients was not complete, but the following results 
indicate that some of the above findings may be at- 
tributed to differences in growth-stimulating effect. 
Each of the eight cultures was grown for 51% hr at 30 C 
in duplicate in each type of skim milk, and increases in 
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titratable acidity were determined. The difference, 
indicating stimulation attributable to skim milk en- 
richment, was determined for each culture by sub- 
tracting the increase in fortified skim milk from the 
increase in enriched skim milk. The differences, ex- 
pressed as per cent titratable acidity, were: C13 = 0.14, 
Cll = 0.22, FC4 = 0.25, 15C = 0.22, H6 = 0.25, 
4B = 0.13, C10 = 0.23, and C6 = 0.23. 
DiscussIOoN 

The results substantiate the conclusion of Lightbody 
and Meanwell (1955) that domination in one or two 
daily propagations among strains of lactic streptococci 
is usually due to the production of antibiotics by the 
cultures that dominate. The results do not substantiate 
their suggestion that slower domination is the result of 
the production of undetectable amounts of antibiotic. 
This possibility is refuted by the showing that cultures 
not found to produce antibiotics can be arranged in a 
specific order determined by ability to dominate, that 
in some cases the occurrence of domination was altered 
by the use of enriched skim milk as growth medium, 
and that domination occurred among cultures that 
apparently produced the same antibiotic. The results 
indicate that many cultures of lactic streptococci do 
not produce antibiotics and that domination among 
them, as well as among cultures that produce the same 
antibiotic, should be attributed to differences in com- 
petitive growth ability. This may be influenced by such 
factors as small differences in lag phase, growth rate, 
tolerance to fermentation end products, and/or nutri- 
tional requirements. Differences in response and, hence, 


TABLE 3 


Nonantibiotic-producing cultures of Streptococcus cremoris and Streptococcus lactis arranged according to ability to dominate 








te 


+++ 


+ 


| 
nes of in- | 


aratively I 
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Culture Suppressed :* Was Suppressed by: 
C13 C(A) BeC*DFGhHJKLMN*OPRSTW None 
Cll (B) C*D>E>F®GI?QJKLMN*O>®PRSW | A 
FC4 (C) D*FG:JKL°MN*OPPRSTW AB 
BR4 (D) EJ®LM’O>P>RSTW AB 
15C (EB) F>G>HI*J*K*LMN*OP®RSTW BD 
Z (F) H>I?Jh/KLMN*O>PRSTW ABCE 
HP (G) H?IsJ>®KeL?MN%OPRSTW ABCE 
ASF (H) Not determinable AEFG 
KHR (1) JKL>°MN%O*:PRSTW BCEFG 
K2 (J) K>L>M2O0>P>R>S>T>W> ABCDEFGI 
RI (K) O>P*RSTW ABCEFGIJ 
AB3 (L) M>PRS*TW ABCDEFGIJ 
LT8 (M) O>PPRS&ToW ABCDEFGIJL 
KH (N) RS*TW ABCEFGI 
H6 (O) P>RT’W ABCDEFGIJKM 
C7 (P) RS*&TW ABCDEFIJKLMO 
4B (R) S>TW> ABCDEFGIJKLMNOP 
C10 (8S) T?W ABCDEFGIJKLMNPR 
C2 (T) W ACDEFGIJKLMNOPRS 
C6 (W) None ABCDEFGIJKLMNOPRST 


*'The suppression was marked in 2 weeks or less, except as follows: a = very slight suppression; b = slight suppression. 
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lactic 


the competitive ability of 
doubtedly may be influenced by differences in the 
physiological state of the microorganisms at the time of 
testing and by differences in the composition of the 


streptococci un- 


milk used as the growth medium. 

Experiments to determine domination among the 
cultures that did not produce antibiotics were termi- 
nated after the mixtures had been propagated 14 times 
and tested. The results substantiate the conclusion that 
it is rather uncommon for strains of rapid acid-produc- 
ing lactic streptococci to grow together for long periods 
in fixed proportion (Czulak and Hammond, 1954; 
Lightbody and Meanwell, 1955). Had the mixtures 
been propagated longer, it is probable that each culture 
would eventually have dominated all the cultures listed 
below it in the domination order. But, on the other 
hand, the present results show that, with proper culture 
selection, mixtures in which the strains of bacteria will 
grow compatibly for at least 2 weeks can be prepared. 

Judged by the mutual inhibition results of the anti- 
biotic-producing cultures, the 10 cultures apparently 
produced only two different antibiotics. The antibiotic 
produced by five cultures of S. cremoris and three cul- 
tures of S. diacetilacuis is possibly diplococcin (Oxford, 
1944). The different antibiotic produced by the two 
S. lactis cultures is possibly nisin (Mattick and Hirsch, 
1947). 

Hirsch (1952) concluded that strains of S. lactis and 
S. cremoris produce distinct antibiotics, each directed 
primarily against the other. The S. diacetilactis cultures 
of this study, like those studied by Swartling (1951), 
resembled S. lactis in their reactions to certain tests. 
Specifically, the antibiotic-producing strains of this 
species reacted the same as S. lactis to cultural tests 
used for distinguishing between S. lactis and S. cremoris, 
that they did not produce ammonia from 
arginine. (Toward the end of the study a DRC1 isolate 
that hydrolyzed arginine was found.) From the con- 


except 


clusion of Hirsch, based primarily on studies with anti- 
biotie-producing strains of S. cremoris and S. lactis 
(Mattick and Hirsch, 1947; Hirsch and Grinsted, 1951), 
S. diacetilactis cultures would be expected to produce 
antibiotics similar to those produced by S. lactis. But 
three (and the ammonia-producing DRC1_ isolate) 
produced an antibiotic that appeared to be the same as 
that produced by five cultures of S. cremoris. These 
results indicate that 
difference that 
produced. 


there is not a known species 
determines the type of antibiotic 

There is no relationship between species and anti- 
biotic sensitivity pattern, and antibiotic-producing 
strains of S. cremoris and S. lactis obviously do not pro- 
duce antibiotics that are directed in the case of either 
species primarily against the other. This is shown by 
the antibiotic sensitivity patterns for the nonantibiotic- 
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producing strains. Those for 16 cultures of S. ev moris 
3 cultures of S. lactis, and at least 2 culture. of §. 
diacetilactis were identical, regardless of specic.. The 
mutual inhibitions of antibiotic-producing strains ob- 
served by Mattick and Hirsch (1947) and Hirsch and 
Grinsted (1951), and those observed in the present 
study, apparently indicate, in addition to the fact that 
diplococein and nisin are different, only that a given 
antibiotic-producing strain of lactic streptococci is 
resistant to the particular type of antibiotic produced 
by itself, and that this resistance does not constitute 
protection against antibiotics that are of different type. 


ACKNOWLEDGMENTS 


Appreciation is expressed for the cultures and bacte- 
riophages contributed by Dr. H. R. Whitehead, of the 
Dairy Research Institute, Palmerston North, New 
Zealand, by Mr. J. Czulak, of the Commonwealth 
Scientific and Industrial Research Organization, 
Highett, Victoria, Australia, and by Mr. L. J. Mean- 
well, of the United Dairies Research Laboratories, 
London, England. 

The work reported on testing cultures for antibiotic 
production was completed at the Dairy Research 
Institute, where the author worked as a Fulbright 
Grantee. 


SUMMARY 

Twenty-two cultures of Streptococcus cremoris, five 
of Streptococcus lactis, and six of Streptococcus diaceti- 
lactis were tested for production of antibiotics and used 
in preparing 308 different mixtures for a study of strain 
domination. Mixtures were propagated daily in sterile 
skim milk fortified with 0.75 per cent nonfat milk solids 
and tested by the addition of appropriate bacteri- 
ophages. 

Five S. 
cultures produced one antibiotic, as judged from the 
mutual inhibitions of antibiotic-producing cultures and 


cremoris cultures and three S. diacelilactis 


the antibiotic sensitivities of nonantibiotic-producing 
strains. Two S. lactis cultures produced a different 
antibiotic. There was no relationship between known 
species differences and type of antibiotic produced or 
antibiotic sensitivity. Antibiotic resistance was rare, 
except that each antibiotic-producing culture was re- 
sistant to the particular type of antibiotic produced by 
itself. 

In 107 of 110 mixtures, antibiotic-producing cultures 
markedly dominated nonantibiotic-producing cultures 


in only 1 or 2 days. These rapid dominations un- 
doubtedly resulted from action of the antibiotics. In 
153 of 
producing cultures, and in 7 of 8 mixtures involving 
only cultures that produced one type of antibiotic, 
slight to marked domination occurred in 2 weeks or less. 
Results indicated that this more gradual type of strain 


190 mixtures involving only nonantibiotic- 
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Ik solids Chlorogenicase, an esterase that converts chlorogenic solutions of equimolar amounts of the acids gave 

bacteri- acid to caffeic acid plus quinic acid, was desired for roughly similar fluorescence intensities. The chromato- 
technological research on enzymatic browning of fruit. grams were scored by visual comparison with standards. 

elilactis F This paper describes its production by strains of l‘irst order rate constants were calculated by 

om the F “black yeasts,” Aureobasidium (Pullularia) pullulans 

ires and (De Bary) Arnaud (Cooke, 1959), and by strains of vo —In (R2/R) 

oducing Aspergillus oryzae and other aspergilli. Special attention te — hh 

it was devoted to chemical inducers of the biosynthesis 

snown 


and to solubilization of the enzyme. where R; and 2 are the fractions of original chlorogenic 
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Occasionally, partial conversion in 1 or 2 days was 
followed by no further change, suggesting that chloro- 
genicase had been inactivated. Usually, chlorogenate 
hydrolysis was completed with first order kinetics. 

Assay of polygalacturonase. The diffusion assay of 
Dingle, Reid, and Solomons (1953) was used, with poly- 
galacturonic acid? as substrate at pH 4.0 in agar. 

Microorganisms. Two isolates of “black yeasts” of 
particular interest have been deposited in the Culture 
Collection of the Northern Regional Research Labora- 
tory, Peoria, Illinois, as numbers NRRL Y-2580 and 
Y-2581. They had been isolated from frozen, decayed 
cherries. They were diagnosed by comparison with 
authenticated strains of A. pullulans by morphology, 
pigmentation, and inverted “‘fir tree’? appearance in 
gelatin stabs. 

Media. A. pullulans was maintained on Difco malt 
agar. Special media were as follows (ingredients per 
L and pH 6): Medium I, glucose, 3 g; beef extract, 3 g; 
peptone, 5 g; p-hydroxybenzoic acid, 0.3 g. Medium IT, 
chlorogenic acid, 1 g; KxHPO,, 3 g; NH«Cl, 1 g; MgSO,, 
0.5 g. 

Propagations. Apart from preliminary experiments, 
microorganisms were grown in 50 ml of medium I in 
shake flasks or in 10-L submerged cultures inoculated 
from shake flasks. The propagator designed by Hum- 
feld (1947) was used with a jacketed stainless steel 
vessel to promote heat dissipation. These propagations 
employed 20 hr of growth on medium I at 30 C, with 
3 L of air per min, and no pH control. 
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The crops were centrifuged and the cell cakes «llowed 
to autolyze under toluene for 2 days at room t: mpera- 
ture. 

RESULTS 

Lack of constitutive chlorogenicase. A prelimin:ry sur- 
vey of bacteria and fungi on various media failed to 
give a good source of chlorogenicase. Traces were 
found with some stocks of Aspergillus grown on Sa- 
bouraud maltose agar (Difco)* or orange serum agar2 
Aspergillus, Penicillium, unidentified fungi, Bacillus, 
and Lactobacillus were most numerous in these tests, 

Enrichment cultures. Conversion of chlorogen:te to 
vaffeic acid was noted in 2 to 3 days when tubes of 
medium II were inoculated with certain soil samples. 
The same effect was obtained in subcultures and with 
the bacteria obtained by plating. 

Heavy mold growth was observed on water solutions 
of chlorogenic acid and isochlorogenic acid that had 
been permitted to stand. Caffeic acid appeared in the 
solutions. 

Crystals of chlorogenic acid at approximately 25 C 
and 50 per cent relative humidity were found support- 
ing a luxuriantly sporulating culture of Aspergillus 
niger. However, the isolate did not prove especially 
advantageous. 

Aspergillus fumigaius, A nidulans, A. tamarii, and 
A. terreus grew fairly well on black coffee (as prepared 
for drinking; rich in chlorogenic acid) in still shallow 
layers, and gave ky! to 1.5 (except 0.4 for A. nidulans). 


Most of the chlorogenicase was in the pellicle. Ten-day- 


8 Difeo Laboratories, Inc., Detroit, Michigan. 


TABLE 1 


Effect of various chemicals on enzyme 


Chlor 


Organism Control onenake Caffeate 


Aspergillus candidus 


Aspergillus clavatus 


Aspergillus fumigatus... 


— Oe 


Aspergillus nidulans 


Aspergillus oryzae 
tamarii I F 


terreus I F 


Aspergillus 


Aspergillus 


Se OO 


versicolor . 


Aspergillus 


Penicillium purpurogenum 


— 


“Black veast’’ (Aureobasidium pullulans) 

Y -2580 ? Sere : G 
“Black veast’’ (Aureobasidium pullulans) 

Y-2581 x ( 
Unidentified fungus G 
Unidentified fungus 3; I 
Bacterium 12D-2 J F 
Bacterium 12D-3 : I F 


* T indicates toxicity; in all other cases good growth was obtained. Induction: good (G); fair (F), poor (P), no induction (I) 


induction* 


3,4-Di- - 
p-Hy m-Hy meth- pee. 
droxy- | droxy oxy- —— Cinna-| Cate- | /-Ad- Gallate |Ouinate| Quer 
benzo- | benzo- | benz- — mate chol |renaline| V4"4te |Quinate | Citin 
ate ate = hyde 
F 1 T T T I 
I I I I I I 
P F G G F G 
P is P T F F 
F F F F ‘f F 
P I P ig I I I F P 
F I F I F G I ? I 
I I I I i. I 
I T T T T I 
G G I T T 
G G 1 < i iy F 
G 3 1  & a F 
G T T T T F 
I I I I I 
I I I I I I I | 
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old pellicles were considerably more potent than 4-day 
pellicles. 

Enzyme inducers. Caffeic acid and related compounds 
were tested in the hope that a cheaper inducer than 
chlorogenic acid might be found. The initial trials were 
made with scrapings from glucose-nutrient agar slants 
containing 0.1 per cent trial chemical. Soil bacteria from 
chlorogenate enrichment gave little activity. A bacte- 
rium from a crude protein-chlorogenate enrichment 
proved inducible with chlorogenate and caffeate but 
not with the cheaper chemicals. Penicillium species 
generally were inhibited by the trial chemicals; P. 
purpurogenum grew well in the presence of caffeate 
or p-hydroxybenzoate but was inactive. Some strains 
of Aspergillus and “black yeasts” were active. Qualita- 
tive results shown in table 1 illustrate the variation in 
response. Caffeie acid generally has proved as good or 
better than chlorogenic acid. The other moiety, quinic 
acid, had little effect. The simple and inexpensive com- 
pound, p-hydroxybenzoic acid, proved more effective 
than chlorogenic or caffeic acid for certain organisms. 

Trials in shake flasks. Initial trials with “black 
yeasts” Y-2580 and Y-2581 at 35 C on glucose nutrient 
broth showed 0.03 per cent p-hydroxybenzoic acid and 
3,4-dimethoxybenzaldehyde to be effective inducers 
(kw! 0.3 to 0.6). Three to 6-day growth appeared opti- 
mal. The cell-free broth was inactive. Toluene autolysis 
(see below) was not used. 

Further screening was done with 0.03 per cent p- 
hydroxybenzoie acid as inducer (medium I). The cells 
were centrifuged and autolyzed under toluene for 2 


TABLE 2 


Yields of chlorogenicase in 10-L propagations 
Chlorogenicase Activity, Rie, in: 
Moist Cell 


Organism ala 


Pn dstris Clear tluid 
g/L 
“Black yeast’? :* 
Y-2580 15 1.2 1.0 0.12 
12 1.4 0.1 1.2 
15 1.5 0.06 1.5 
Y-2581 15 0.4 0.4 
18 0.7 0.4 0.0 
19 O.7 0.7 0.8 
3068 19 0.6 1.4 0.35 
16 }.4 
3948 14 0.5 
P78 14 0.2 
P96 13 0.7 
Asp gillus oryzae 11 0.3 0.02 (0.3)t 


Lureobasidium pullulans. 
i The higher value was obtained from cells that had not 


been exposed to toluene but had been stored unfrozen in the 
refrigerator for 4 days, followed by 1 day at room temperature, 
then by freezing and thawing. Other combinations without the 


initial refrigeration were ineffective. 
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days at 
yeasts” 


room temperature. Several dozen ‘black 
were tested. Many had to be grown at room 
temperature rather than at 35 C. Most strains did not 
produce chlorogenicase although they grew well. Room 
temperature gave better yields than 35 C. The follow- 
ing strains gave ky! from 0.8 to 1.4: ATCC 9348, 
Y-2580, Y-2581, 3948, P78, P96, and P144. 

Other microorganisms were tested similarly. Five 
Penicillium and 6 Aspergillus species were inactive. 
A. oryzae, A. niger, and A. tamarii gave k,,.'! > 0.6. 
The activity was associated with the mycelium and 
was best in cultures grown at room temperature. Bac- 
teria gave only slight activity. 

An Alternaria (from a rotting cherry) had good ac- 
tivity when grown on shake flasks in medium I at room 
temperature. It grew as a ball in shake flasks, and could 
not be grown in a 10-L submerged propagation. 

Three strains of A. niger produced polygalacturonase 
(by the acid precipitation test) with no addition of 
pectic acid to the medium; A. oryzae, A. tamarii and 
“black yeasts” Y-2580 and Y-2581 produced only 
traces, if any. Absence of this enzyme should simplify 
the purification of chlorogenicase for studies with 
intact fruit tissues. 

Submerged propagations. ‘‘Black yeasts” grew well in 
several dozen aerated 10-L propagations. Under the 
best conditions for release of chlorogenicase strain 


’ 


Y-2580 gave k,,.' 1.2 to 1.5; 5 other strains were less 
active (table 2). The crops usually were mixtures of 


TABLE 3 
Solubilization of chlorogenicase associated with cells of 
‘black yeast’”’ (Aureobasidium pullulans) Y-2580 


ki of: 
Treatment is 
sida ees Clear fluid 
Freezing and thawing (1,3, or 10 X): 
Not stored at room temperature. .. ; 1.5 0.0 
Stored 2 days at room temperature. . . 1.5 0.8 
Suspended in pH 6 phosphate: 

Not stored at room temperature. ...... La 0.0 
Stored 2 days at room temperature. ... 1 ey 2 
Liquefied with ethyl acetate, diluted with , 

water after 50 min: 
Not stored at room temperature. .... 1.4 0.0 
Stored 2 days at room temperature. . . 1.4 0.2 
Liquefied with sodium acetate, diluted 
with water after 100 min: 
Not stored at room temperature. . 2.5 0.0 
Stored 2 days at room temperature. ... 2.5 1.5 
Stood under toluene 3 hr at room tempera- 
ture, autolysate diluted with water: 
Not stored further at room tempera- 
LO 2 ane eRe ee Rote we ee SeenON Tee Pere ern ; 1.6 1.0 
Stored 2 days at room temperature. . . 1.6 1.4 
Stood under toluene 2 days at room tem- 
perature; autolysate diluted with 
water and refrigerated. .... eee 1.4 1.2 
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yeastlike cells and mycelium; rarely, of yeastlike cells 


alone. 

Solubilization of chlorogenicase. The activity was 
associated with cells or cell fragments, in proportions 
that varied with species, strain, and cultural conditions. 
A 1-day lag was noted frequently in the assay of un- 
treated young cultures of ‘black yeasts,” as though no 
cholorogenate hydrolysis could oceur until the cells 
has autolyzed. Harvested moist cells therefore were 
allowed to stand for 2 days at room temperature under 
toluene, after which the toluene was poured off and 
the cells were resuspended in water. Considerable 
variation was found in solubilization of chlorogenicase 
by this method of autolysis; with different 10-L propa- 
gations of the same strain of “‘black yeast” from zero to 
90 per cent of the activity of the whole autolyzed cells 
was obtained in the clear fluid (table 2). The soluble 
enzyme did not pass through Visking dialysis casing. 

Results of additional studies on the solubilization of 
chlorogenicase are shown in table 3. Plasmolysis alone 
did not give soluble enzyme; a period of standing at 
room temperature was required. Three hours standing 
of the ‘black yeast” cell cake at room temperature 
under toluene gave near-maximal release of enzyme; 
100 min standing after the prompt liquefaction by 
sodium acetate did not. The latter treatment, although 
promising with 2 days of exposure to room temperature, 
was not investigated further. 

Sonic disruption, grinding with alumina, freezing 
and thawing, and preparation of acetone powders did 
not solubilize chlorogenicase. Subsequent autolysis at 
room temperature did release part of the chlorogenicase 
from such products. 

Storage of A. oryzae mycelium in the refrigerator (but 
not frozen) gave indications of being superior to the 
toluene treatment (table 2). 

Washed, 
activity; this could not be released by 


autolyzed cells retained considerable 
digitonin, 
aqueous n-butanol, lysozyme, or crude cellulase or 
proteinases. pH 1.8 or 9.1 destroyed the activity over- 
night, butanol more slowly. 

The activity in whole culture, autolysates, or clear 
autolysate fluids appeared to be reasonably stable under 


refrigeration. 
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DISCUSSION 


Chiorogenic acid splitting by fungi (Penicill:..m and 
Mucor) was reported by Gorter (1909). Chlorog«nicase 
activity was found in crude tannase prepare: from 
Aspergillus niger by Freudenberg (1920); and studied 
further by Dykerhoft and Armbruster (1933). Whiting 
and Carr (1957) reported hydrolysis of chlorogenic 
acid by Lactobacillus pastorianus var. quinicus. There 
are no indications that any of these microorganisms 
are richer in chlorogenicase than the “black yeasts” 
that we have investigated. 
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SUMMARY 


A search for microbial sources of an enzyme that 
hydrolyzes chlorogenic acid to caffeic acid and quinic 
acid led to selected strains of Aureobasidium (Pul- 
lularia) pullulans (“black yeasts”) and Aspergillus. 
p-Hydroxybenzoic acid served to induce biosynthesis 
of the enzyme as well as, or better than, chlorogenic 
acid or caffeic acid. Autolysis gave a partial solubiliza- 
tion of the enzyme. 
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Previous work has shown the percentage of encapsu- 
lated bacteria increased when cattle were placed on a 
feed-lot bloat type diet (Jacobson et al., 1957) and a 
recent investigation has shown Streptococcus bovis and 
Peplostreptococcus elsdenii increases in numbers as the 
onset of bloat symptoms occurred in cases of feed-lot 
bloat (Gutierrez et al., 1959). Slime produced by ruminal 
microorganisms in grain bloat may increase the vis- 
cosity of the rumen fluid and thereby contribute to the 
entrapment of the fermentation gases in a stable foam. 
The froth interferes with the animal’s normal belching 
mechanism (Dougherty, Habel, and Bond, 1958). 
Although bacterial polysaccharides have been sug- 


) gested as possible sources of ruminal slime, quantitative 


data along these lines are not available. The work 
reported here concerns an attempt to isolate slime 
fractions from grain bloaters, and to give some of the 
main chemical and biological characteristics of the 
residues found. 


MATERIALS AND METHODS 


The methods for the maintenance and the feeding of 
the animals for the production of experimental bloat 
have been described (Gutierrez et al., 1959). All rumen 
5200 RCF to 
remove debris, protozoa, and most of the bacteria. 
Measurements of relative viscosity of the different 
samples of intact rumen fluid after centrifugation were 


samples were centrifuged for 1 hr at 


made with an Ostwald viscosimeter at 25 C. The slime 
fraction from animals on the high grain diet was pre- 
cipitated by the addition of two volumes of absolute 
ethanol to 20 ml of the centrifuged rumen fluid. The 
slimy fibrous residue rose to the surface of the liquid 
and could easily be harvested without contamination 
from other nonviscid precipitates which settled to the 
bottom. The slime mat was washed twice by suspending 
in distilled water, centrifuging, and discarding the 
supernatant. The phase examination 
(1455X magnification) of the freshly harvested slime 
showed a fine granular appearance with very few 


microscopic 


bacterial cells and no protozoa embedded in the slime. 
The mat was dried overnight at 60 C and weighed. 
For further analysis of amino acids, carbohydrates, and 
nucleic acids, the dried residue was usually ground to a 
fine powder with a mortar and pestle. The slime fraction 





(100 mg) was autoclaved for 9 hr with 5 ml of 3 ~ 
H.SO, at 120 C and 15 lb pressure. The hydrolyzate 
was neutralized with 2 Nn Ba(OH)s, centrifuged to 
remove the precipitate, and the supernatant evaporated 
at room temperature with a jet of air over the surface. 
The residue was taken up with 0.2 ml of water and 20 
ug spotted on strips of Whatman no. 1 paper. Carbo- 
hydrates in the slime fraction were developed with 
butanol:acetic acid:water (40:11:19) (Lesley and 
Hochster, 1959) and sprayed with 1 per cent AgNO; in 
acetone followed with 2 per cent NaOH in ethyl! alcohol. 
Amino acids were analyzed by hydrolyzing 15 mg of 
the slime fraction in the same manner as the carbo- 
hydrate sample except that the final residue was taken 
up with 0.2 ml ethanol instead of water. The hydrol- 
yzate for amino acid identification was spotted on 
large sheets of Whatman no. 1 paper and developed in 
the first direction with phenol:water (4:1) in an 
atmosphere of ammonia, and the organic layer of a 
mixture of n-butanol:acetic acid: H,O (4:1:5) was 
used in the second direction. In some of the experiments 
for the development of the amino acids, a mixture of 
n-butanol:methyl ethyl ketone:17 N ammonia:H.O 
(5:3:1:1) was substituted for phenol:water in the 
first direction (Wolfe, 1957). 

For the chromatographic analysis of nucleic acids, 
20 mg of the slime fraction were hydrolyzed in 5 ml of 
2 per cent HSO, for 3 hr at 100 C. The hydrolyzate 
was evaporated to dryness and taken up with 0.5 ml 
ethanol and spotted on sheets of paper. The nucleic 
acid hydrolyzate was developed with n-butanol satu- 
rated with 10 per cent aqueous urea in the first direction 
followed by 5 per cent NazHPO, and isoamy] alcohol 
in equal layers (Carter, 1950). Nucleic acid derivatives 
and the free nitrogen bases were located by their 
fluorescence and ultraviolet absorption with a min- 
eralight lamp! at 2537 A and were identified from their 
Ry values (Carter, 1950). Tests for deoxyribonucleic 
acid (DNA) were made using diphenylamine and 
cysteine hydrochloride methods described by Dische 
(1930, 1944). 

Residual carbohydrate in the crude slime fraction 
was determined by the anthrone reagent and compared 
colorimetrically to a glucose standard curve. Analysis 


‘ Ultra-Violet Products, Inc., San Gabriel, California. 
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of soluble polysaccharide jn centrifuged rumen fluid Total phosphorus in the slime residue 
was made after treatment with 5 per cent trichloroacetic according to Munsey (1948). 
acid by the method of Roe (1954). 

Total nitrogen content of the slime fraction was Resuurs 
obtained by Kjeldahl determinations. Ashing of the Gram stained smears of 1:10 dilution , 
samples was made at 600 C for 215 hr. Total moisture contents removed from animals upon the 
was determined by drying the slime fraction overnight bloat ‘Symptoms were very similar to those re) 


at 60 C, followed by 5 hr at 100 C previous experiments (Gutierrez et al. 1959) ( 


was 


in a Vacuum oven. 











Figure 1. A 1:10 dilution of rumen contents from bloated 
animal. Long chains of paired st reptococci 
isms. Gram stained. Original magnifie 

Figure 2. A 1:10 dilution of rume 


animal. 
and other organ- White’ 
ation 1091x. 

n contents from bloated 


Paired Streptococci illustr 
8 stain. Original magnification 1091. 

Figure 3. Spatula showing coiled slime 
isolated from a bloating 
procedure 


fraction which was 
animal by the ethanol precipitation 
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Capsule formation of the large streptococci chains was 
demonstrated using the combined positive and negative 
staining technique of White (1947) (figure 2). The slime 
harvested at various times by ethanol precipitation 
from the rumen fluid of a bloating steer are presented 
in table 1. The amount of slime collected from the 
surface of the ethanol and rumen fluid mixture increased 
with the onset and severity of the bloat symptoms. 
The amount of residue harvested from 6 animals ranged 
from 4.2 to 5.5 per cent calculated on a wet weight 
basis. The material was extremely viscid and the 
fibrous-like threads could be wrapped around a spatula 
with ease (figure 3). A preliminary Biuret test on the 
dried slime gave a positive reaction, and Kjeldahl 
determinations for three different samples showed the 
sime contained between 33 and 35 per cent crude 
protein. After acid hydrolysis (see Materials and 
Methods paper chromatography the 
following amino acids were shown to be present in 
significant amounts: leucine, isoleucine, phenylalanine, 
valine, tyrosine, proline, methionine, glycine, histidine, 
arginine, and glutamic acid plus 
traces of aspartic acid. 


section) and 


serine, threonine, 


A test for residual carbohydrate in the crude slime 
fraction with the anthrone reagent was positive and 
quantitative experiments on the slime showed the 
material contained 18 per cent carbohydrate (Roe, 
1954). Paper chromatography of acid hydrolyzates of 
the slime which were sprayed with AgNO; and NaOH 
showed spots which had FR, values similar to glucose 
Using single dimension strips with 
NaHPO,-isoamyl] alcohol solvents and AgNOs spray, 
the Ry for the latter pentose was 0.87 (published value, 
0.87; Carter, 1950). Chromatography of acid hydrol- 
yzates for nucleic acid derivatives showed fluorescent 
and ultraviolet absorbing compounds which had R,- 
values of thymine, cytosine, adenine, and guanine. One 
dimensional strips run with 5 per cent NazHPO,-isoamyl 
alcohol mixtures revealed a spot with R, similar to 
thymine deoxyriboside (Carter, 1950). Color tests for 
DNA in the slime fraction were positive. A suspension 
containing 500 ug per ml slime material gave a blue 
color with diphenylamine as described by Dische 
(1930) and a pink color with cysteine hydrochloride and 
H»SO, (Dische, 1944). The ash content of the dried 
slime samples from different animals varied between 


and p-ribose. 


TABLE 1 
Weight of ethanol-precipitable slime at different 
stages of bloat 


Dry Weight per 20 ml Centrifuged 


Bloat Symptoms Dimon aid 


mg 
None 0 
Slight 7: 
Severe ¢ 


bo 


S 
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23.4 and 28.9 per cent, and analysis of the phosphorus 
content of the dried residue indicated an average level 
of 6.43 per cent. Ether extractable materials run on 
different samples showed low values of 0.13 to 0.36 per 
cent, whereas the total moisture content of the slime 
residue was 97.3 per cent. 

Measurements of the viscosity of the centrifuged 
rumen fluid indicated the viscosity increased with the 
onset of bloat symptoms and continued to rise with 
severity of bloat. Usually 30 ml of the centrifuged rumen 
fluid were placed in the viscosimeter and the time 
required for the flow through the capillary compared 
with water for centrifuged rumen fluid from hay-fed 
or nonbloating animals. If the viscid fluid being tested 
took twice the time required for water, this was taken 
to present a relative viscosity of 2.0. Rumen samples 
from animals on a hay diet gave a relative viscosity 
similar to water (1.0), whereas steers with early bloat 
symptoms had a relative viscosity double that of hay- 
fed animals (2.1). Severely bloated animals had greater 
relative viscosities (3.3). A 5 per cent (wet weight) 
water suspension of the slime fraction had a relative 
viscosity of 2.0 when compared to water. 

The content of soluble polysaccharide in the centri- 
fuged rumen fluid of bloating and nonbloating steers 
was analyzed by the anthrone method after precipita- 
tion of the protein with 5 per cent trichloroacetic acid. 
The amounts found in different animals are given in 
table 2. Although some of the bloating animals showed 
high values, a definite correlation between the amount 
of soluble polysaccharide and the appearance or severity 
of bloat symptoms was not evident in all cases. 


DISCUSSION 


The amino acids, purine and pyrimidine bases, 
pentoses, and phosphorus content in the slime fraction 
indicated the nucleic acids and nucleoproteins produced 
by the microorganisms in the rumen reached a high 
level with the carbohydrate-rich rations which were 
fed in the current experiments. Significant amounts of 
the fibrous, viscid slime could not be harvested from 
animals fed hay or pasture diets. Deoxyribonucleic 
acid and to a lesser extent ribonucleic acid solutions 
have a viscous characteristic (Chargaff and Davidson, 


TABLE 2 


Soluble polysaccharide in rumen fluid of cattle 





; Lee , Amount of Polysaccharide 
Animal Bloat Symptoms per 100 ml Rumen Fluid 
mg 
303 Severe 15 
488 Severe 18 
79 Severe 9 
491 None | 4.5 
66 | None | 2.2 
143 None 4.5 






1955) and the increase in nucleic acids found in the 
present experiments probably contributed to the in- 
crease in the viscosity of the rumen fluid. Increases 
in the viscosity of rumen fluid were well correlated 
with the onset of bloat symptoms. Bacterial popula- 
tions have been reported to increase as bloat occurred 
on grain rations (Gutierrez et al., 1959), but informa- 
tion is lacking on the rates at which cells of the ruminal 
population lyse and release nucleic acids into the me- 
dium. Lysis of cells in cultures has been reported for 
ruminal species Bacteroides succinogenes (Bryant, 
Robinson, and Chu, 1959). The quantitative evidence 
at hand indicates bacterial slime production arising 
from nucleic acids and nucleoprotein probably plays 
a significant role in altering the viscosity of the rumen 
fluid. Glucose-containing polysaccharides may also 
be a contributing factor in viscosity changes. 

The sequence of ruminal biochemical events which 
occurred in bloating animals on grain rations is not 
likely to be the same for animals bloating on legumes, 
although the general principle of foam production has 
been found to occur in both (Davis, Gutierrez, and 
Lindahl, 1960). The current findings in feed-lot bloat 
would indicate searches for compounds, either of plant 
or microbial origin, which have the capacity of in- 
creasing viscosities of fluids may be worthwhile in 
studies of legume bloat. There are indications that 
plant pectins, hemicelluloses and saponins may be 
implicated in pasture bloat (Conrad et al., 1959). 


SUMMARY 


The amount of slime isolated from the rumen of 
‘attle increased with the onset and severity of symp- 
toms of bloat. Quantitative analysis showed the slime 
to contain 18 per cent carbohydrate and 33 to 35 per 
cent crude protein. Fourteen amino acids were identi 
fied in acid hydrolyzates. Thymine, cytosine, adenine, 
and guanine were detected by chromatography. Cor- 
relation was not observed between amount of soluble 
polysaccharide and appearance of severity of bloat. 
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The sodium salt of alginic acid, commonly called 
“algin” or ‘alginate,’ has been used as a stabilizer 
in foods for over a quarter of a century. In experiments 
conducted in this laboratory in which sodium alginate 
was a component part of the suspending medium for 
selected nonsporing organisms, under varying con- 
ditions, it appeared that there may be a difference in 
response to the presence of alginate among genera. 
This observation was incidental to the original purpose 
and design of most of the experiments and is reported 
here briefly both because the results appear to offer 
interesting possibilities for further studies and because 
there may be possible practical applications of the 
findings. 

In 1956 a series of experiments was underway which 
sought to investigate the relationship between viscosity 
of the medium in which the cells were heated and the 
heat resistance of Salmonella typhimurium strain no. 
84 (Woodburn, 1956). Sodium alginate’ was selected 
as the agent by which to achieve variation in viscosity 
of physiological saline solution. This product formed 
a homogeneous suspension neither coagulated by heat- 
ing nor gelled by cooling. No observable scum formed 
during its use as described. Preliminary experiments 
were conducted to determine the effect of the sodium 
alginate on the test organism. In so doing, a known 
number of cells of S. typhimurium 84 were added to 1 
ml of sterile sodium alginate suspension, adjusted to 
pH 7. A suitable dilution was plated at once with 
tryptone glucose extract (TGE) agar. Following an 
incubation period of 1 hr at room temperature, a second 
plating was made, similarly. After 24 hr incubation 
of the plates at 37 C, colony counts. were made in both 
cases. 

In the original inoculum, the average number of 
salmonella cells per ml of a 4 per cent sodium alginate 

‘Published with the permission of the Director of the 
Wisconsin Agricultural Experiment Station, Madison, Wis- 
consin. 
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suspension for 7 trials was 1600. After 1 hr incubation, 
for a similar number of trials, the average value was 
found to be 2000 cells per ml. Thus under conditions 
of this study, the results indicated that at a concentra- 
tion of 4 per cent the alginate in suspension had no 
significant adverse effect on the inoculated cells and 
furthermore only a slight effect was noted in similar 
experiments using a 5 per cent concentration. The 
medium did not markedly encourage multiplication of 
the salmonella cells. 

In the experiments dealing with viscosity, the con- 
centrations of sodium alginate in physiological saline 
solution used for the suspending media were: very thin, 
1 per cent; thin, 2 per cent; medium, 4 per cent; and 
medium thick, 5 per cent by weight. The weighed 
alginate was added to 225 g of the physiological saline 
solution with rapid agitation until a uniform suspension 
was formed. (After the pH had been adjusted as de- 
scribed below, sterile saline was added to give a total 
of 250 g.) The suspensions were made up the day prior 
to the test series, covered with foil, and refrigerated. 

On the day of the thermal resistance determinations, 
the sodium alginate suspensions were sterilized by auto- 
claving for 15 min at 15 lb pressure. After cooling to 
24 C in a water bath, the pH of the suspension was 
determined using a potentiometric pH meter with 
glass electrode.6 The pH was adjusted to 7 (+0.05) 
with the addition of 0.01 nN NaOH or 0.01 n HCl. 

The viscosity of the sodium alginate suspension at 
24 C was checked with a falling ball type viscosimeter.’ 

Table 1 presents an example of the type of results 
obtained in these studies, using sodium alginate and 
with S. typhimurium 84 as the test organism. 

Sodium alginate was next employed in our labora- 
tory as a representative colloid in experiments designed 
to test the effect on bacterial cells of single substances 
added to a simplified medium in combination with 
freezing, frozen storage, and thawing (Woodburn, 1959; 
Woodburn and Strong, 1960). The organisms at test 
were S. typhimurium 84, Staphylococcus aureus strain 
no. 196 and Streptococcus faecalis strain no. R26. Among 
the data obtained were those presented in table 2. 

® Coleman model 18A pH meter, Coleman Instruments 
Inc., Maywood, Illinois. 

7 Hoeppler precision viscosimeter, Fish Schurman Corpora- 
tion, New Rochelle, New York. 
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These data were of such nature as to suggest that 
S. aureus 196 was more highly sensitive to the presence 
of 4 per cent sodium alginate suspended in 0.0003 m 
phosphate buffer than were the other two organisms. 
In three trials, viable cells of S. aureus 196 were re- 
covered after 24 hr of freezer storage in only one in- 
stance and then at a very low level. Both S. typhimur- 
ium and S. faecalis persisted in greater numbers and 
for longer periods of time at all freezing temperatures. 

The observations made in the experiments dealing 
with freezing just outlined suggested the possibility 
that the addition of sodium alginate to food might 
serve as a means of controlling or elimination of food 
poisoning staphylococci. Experiments were devised 
which sought to test the effect of sodium alginate on 
S. aureus 196 and S. typhimurium 84, when present in 
amounts which perhaps might reasonably be expected 
to be permitted in foods. The procedure included add- 
ing 10 ml of standardized cell suspension to 90-ml 
quantities of each of the sodium alginate dispersions, 
thus producing dispersions of approximately 10,000 
cells per ml. In this series, the range of concentration 
of sodium alginate in the dispersions tested included 
0.125 g, 0.250 g, 0.500 g, and 2.5 g suspended in 100 
ml of 0.0003 mM potassium phosphate buffer. Each of 
the inoculated dispersions was incubated at a constant 
temperature of 37 C. Platings were made with TGE 
agar at 0 hr and after intervals of 2, 4, 6, 8, and 24 
hr. Just prior to plating, the cell suspensions were 
placed on a wrist-action shaker for 15 min. Subsequent 
to dilution, the bottles were shaken for 2 min by hand 
in an attempt to disperse the cells. Duplicate plates 
were made at all times, and incubated at 37 C for 24 hr, 
at which time colony counts were made and recorded. 

The findings for these experiments are presented in 
figures 1 and 2. 

Since the results of these latter studies were some- 


TABLE 1 
Survival of Salmonella typhimurium 84 following heat treatment 
in suspending media of varying viscosities as expressed 
in concentration of sodium alginate* 
(Original inoculum approximately 10,000 cells 
per ml) 


Avg Cell Count per ml of Suspension 


Temper- ae (Heating Period in min: 
ature of Gadi 
Heating Alginate " . 7 a " 
Cc % 
50 1 3,800 50 <10 
2 3,000 230 <10 
4 4,700 1,000 25 
60 2 750 <10 <10 <10 <10 
4 1,400 10 <10 <10 <10 
5 2,700 <10 <10 <10 <10 


* Each figure represents a minimum of 6, 
thermal death time tubes. 


and usually 12 
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what at variance with the implication of the \ork oy 
frozen suspending media, a series of tests using the 
lesser amounts of sodium alginate and storave at g 
freezing temperature was undertaken. 

The same method of addition of the cell suspension 
to the sodium alginate dispersions in phosphate buffer 
was followed as just described. However, only two con- 
centrations of sodium alginate were included, namely, 
0.25 g per 100 ml and 2.5 g per 100 ml. Dilutions 


TABLE 2 
Survival of three organisms in physiological saline, 0.0003 x 
phosphate buffer or 4 per cent sodium alginate when held 
at three freezing temperatures 
(Each figure is an average of 12 platings representing 
6 trials) 


Temper- Time 
: . : ature of 
Suspending Medi = 
uspending Medium “renee 
Storage 0 24 hr 1 week | 4 weeks 10 weeks 
4 After Thawing 


Viable cells of Staphylococcus aureus 196, per ml 


Saline (0.85°7) —11 {13,000 25 1 | () 

—21 (18,000 28 11 0 () 

—30 |13,000 11 8 } 4 

Phosphate buffer | —11 |13,000 170 26 4 0 

(0.0003 m) —21 13,000 400 120 48 19 

—30 |13,000 620 560 240 , 120 

Sodium alginate —11 |19,000* 0* 0* 0* (* 

(4%) in PO, —21 19,000* 0* 0* 0* ()* 

buffer —30 19,000* = lag 0* (* 
7 After Thawing we 

Viable cells of Salmonella typhimurium 84, per ml 

Saline (0.85° ) —11 |14,000 44 4 0 () 

—21 |14,000 52 3 0 0) 

—30 |14,000 24 1 0 () 

Phosphate buffer | —11 |18,000 | 192 28 I I 

(0.0003 m) —21 |18,000 | 540 95 4] 10 

—30 {18,000 |7,000 310 130 47 

Sodium alginate —11 118,000 | 250 0 0 () 

(4%) in PO —21 |18,000 6,700 | 6,600 900 ] 

buffer —30 |18,000 |9,100 |11,000 |10,000 (7,400 

After Thawing 

Viable cells Streptococcus faecalis R-26, per ml 

Saline (0.85%) —11 {14,000 |2,900 | 1,100 130 2 

—21 (14,000 510 400 28 ) 

—30 14,000 977 20 11 3 

Phosphate buffer | —11 |11,000 |1,000 140 24 3 

(0.0003 m) —21 |11,000 | 930 320 83 30 

—30 |11,000 |1,800 310 180 4 

Sodium alginate —11 18,000 | 310 3 1 0) 

(4%) in PO, —21 18,000 |2,700 200 1 0 

buffer —30 |18,000 |7,600 | 2,400 | 1,300 |1, 100 


* Average of three trials. 
+t Average of five trials. 
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of each dispersion were individually plated with TGE 
agar to obtain a 0 hr cell count. Following this proced- 
ure, 1-ml quantities of each dispersion were placed in 
individual sterile thermal-death-time which 
were then cotton-plugged and sealed with Parafilm. 
The tubes containing the cell suspension were placed 
in an ice bath. After all the tubes were filled, they were 
labeled and placed in frozen storage at —21 C. 

At the end of 24 hr and again after 1 week of storage, 
tubes representing the buffer control, and the respec- 
tive concentrations of the sodium alginate dispersions 


tubes 


were removed from frozen storage. These tubes were 
immediately placed in a constant temperature water 
bath held at 37 C to thaw the contents of the tubes. 
After 3 min of holding time in the water bath, the 
tubes were removed and held in an ice bath until the 
contents were plated. Portions representing 0.1 ml of 
the tube contents were individually plated with TGE 
agar (S. aureus) or trypticase soy (TS) agar (S. typhi- 
murium). The plates were incubated at 37 C for 24 hr, 
at which time colony counts were made and recorded. 
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Figure 1. Effect of sodium alginate dispersed in phosphate 
buffer upon Staphylococcus aureus 196. (Each curve represents 
an average of five trial series; quantity of sodium alginate 
expressed as amount suspended in 100 ml of buffer.) 
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The findings for those experiments in which lesser 


concentrations of sodium alginate than were employed 
in the first studies on freezing are shown in table 3. 


With the techniques applied in these latter experi- 


ments the 24-hr plate counts were substantially higher 
than the 0-hr counts in some instances. This phenome- 
non was not observed when larger amounts of sodium 
alginate were employed. It may possibly be explained 
by the breaking up of cell clumps by ice crystals which 
may have been more numerous or larger when lesser 
amounts of the colloidal alginate was present. It should 
be noted, however, that relatively fewer cells of S. 
aureus, than S. typhimurium remained viable in the 
presence of sodium alginate. When the level of sodium 
alginate reached 2.5 g per 100 ml of buffer, there was a 
definite trend toward lowering the percentage of sur- 
viving cells of S. aureus 196. Thus the combination 


of low temperature and sodium alginate in the bac- 
terial environment seems to offer some stress for S. 
aureus not encountered by S. typhimurium. 

One further series of observations was made directed 
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Figure 2. Effect of sodium alginate dispersed in phosphate 
buffer upon Salmonella typhimurium 184. (Each curve repre- 
sents an average of four or five trial series; quantity of sodium 
alginate expressed as amount suspended on 100 ml of buffer.) 
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toward a possible practical application of the use of 
sodium alginate for reducing numbers of staphylococci 
in food. Milk was chosen as an example of a food sys- 
tem first because it was easy to manipulate in the 
laboratory and second because sodium alginate has 
been used as a stabilizing agent in some cases in the 
past in the preparation of chocolate milk and some 
other dairy products. For this fifth portion of the inves- 
tigation, one quart of raw milk was obtained from the 
University of Wisconsin dairy on each morning on 
which a test series was to be prepared. To determine 
the number of viable organisms present in the raw 
milk, dilutions of the raw milk were plated with TGE 
agar and TS agar. Dilutions of the raw milk were also 
plated upon Staphylococcus medium no. 110 (SM-110)8 
(Difco) for the purpose of estimating the number of 
staphylococcus present, and upon Salmonella-Shigella 
(SS) agar (Difco) to detect possible salmonella con- 
tamination. 

The first step of the pasteurization process was the 
aseptic measurement of the milk into sterile Erlen- 
meyer flasks which were then cotton-plugged. A 
sterile thermometer was placed into each of the flasks 
of milk, and they were lowered into a constant tempera- 
ture water bath set at 63 C. When the milk reached 
the temperature of 63 C, a water dispersion of sodium 
alginate was quickly swirled into the appropriate 
quantity of milk. 

In adding the sodium alginate to the milk, a larger 
quantity of water (2C ml) was required for the 2.5-¢ 
sample as compared to the 0.25-g sample (10 ml). 
Early tests were made in which the sodium alginate 
in dry form was added to the heated milk. A granular 
and less desirable dispersion was formed by this method. 
The process of dispersing the sodium alginate in water 
before addition to the heated milk was established and 
continued throughout the tests. After the addition of 


8 Difco Laboratories, Inc., Detroit, Michigan. 


TABLE 3 
Survival of Staphylococcus aureus 196 and Salmonella typhi- 
murium 84 held in frozen storage (—21 C) in media contain- 
ing varying concentrations of sodium alginate* 


. . — Cells Suspended in Sodi Alginate 
Concentration of Sodium ells Suspended in Sodium Alginate 


Albinate (Grams Added to 
00 ml Buffer) 


0 hr 24 hr 168 hr 
cells/ml cells/ml cells/ml 
S. aureus 196: 

0 (control) 10,500 22,500 16,500 
0.25 10,500 14,500 10,500 
2.5 12,000 8,500 4,400 

S. typhimurium 84: 
0 (control) 9,100 14,000 9 ,300 
0.25 8,800 44,500 32,000 
2.5 7,800 43 ,000 26,000 


* Each figure represents an average of five trial series. 
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the sodium alginate dispersion to the milk, the leating 
was continued using the holding method of pas euriza- 
tion. At the end of the heating period, the flasis were 
plunged into ice water and cooled to 10 C. \ total 
volume of 100 ml finally resulted in each case when the 
standardized cell suspension was added to the milk 
and the sodium alginate dispersion subsequent to the 
completion of pasteurization (10 ml volume). Meas. 
ured samples appropriately diluted were plated im. 
mediately to establish the number of organisms present. 
Tryptone glucose yeast agar and trypticase soy agar 
were used for enumeration of the total number of viable 
cells in the milk-rich media. SM-110 was used to detect 
the possible staphylococci in the milk, and SS agar 
was the plating medium used for testing for salmonella 
organisms in the milk. After incubation of 37 C and in 
preparation for plating, the milk-containing suspension 
was shaken by a wrist action shaker for 15 min to 
disperse the cell clumps. Dilutions of portions of the 
suspension were then prepared and the dilution bottles 
were shaken for 2 min by hand. Platings were made 
at 24, 48, and 72 hr. Plates were incubated at 37 C for 
24 hr before colony counts were made. 

Table 4 presents certain of the data obtained from 
this last 

S. typhimurium 84 and S. aureus 196 reacted differ 
ently when dispersed in a milk-rich medium containing 
sodium alginate. Staphylococcus organisms lived for 
72 hr in the milk-rich control sample. However, at all 
periods tested (24, 48, and 72 hr), staphylococcus 
organisms were greater in number in the milk-rich 
controls than in milk-rich medium containing 0.25 ¢ 
or 2.5 g sodium alginate. 


series. 


In contrast to staphylococcus, an initial increase in 
S. typhimurium was noted after 24 hr of incubation 
in a milk-rich medium containing 0.25 g sodium algi- 
nate. The control had 23,350,000 cells per ml, whereas 
the comparable sample containing sodium alginate 
showed 68,400,000 cells per ml. After this initial in- 
crease, both the control and sodium alginate sample 
exhibited a decrease in population. The increase in 
viable organisms in the milk-rich medium containing 
2.5 g sodium alginate did not appear until after 48 hr 
of incubation. At this time, viable organisms in the 
milk-rich sodium alginate medium numbered approxi- 
mately 46,300,000 cells per ml as compared to 
41,700,000 cells per ml in the control. Because of such 
a slight variation and allowing for experimental error, 
such results cannot be considered conclusive. 

It is obvious that the results obtained in this series 
of experiments dealing with the effect of sodium algi- 
nate on one strain of staphylococcus and one strain ol 
salmonella are not clear-cut nor definitive. Yet they 
are suggestive and permit tantalizing speculation. 
Over-all for the strain of salmonella tested it appeared 
that cells maintained themselves in the presence of 4 
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per cent sodium alginate, that this substance offered 
some degree of protection when the cells were sub- 
mitted to moderate heat, and the picture with regard 
to freezing was not consistent. The viability of S. 
typhimurium 84 was prclonged at both —21 and —30 C 
in the presence of 4 per cent sodium alginate. This 
was not true when the cells were held at —11 C. With 
lesser amounts of sodium alginate and at a temperature 
of —21 C, the cells recovered after 7 days of frozen 
storage exceeded in number the original inoculum. It 
may at least be concluded that large number of cells 
were not killed by the latter treatment. 

For the S. aureus 196, the effect of 4 per cent sodium 
alginate at a series of freezing temperatures seemed 
to be that of creating a most unfavorable environment 
for the organism and brought about rapid death. With 
lesser amounts of the sodium alginate and at —21 C, 
the staphylococci decreased in numbers, but viable 
cells remained after 7 days of storage. When the strain 
of staphylococci at test was incubated in phosphate 
buffer containing sodium alginate, more cells survived 
for a longer period of time in the presence of the salt 
than in the buffer alone. Furthermore, the length of 
the survival period seemed to be proportional to the 
amount of sodium alginate present. For the staphylo- 
cocci, however, there was no evidence of growth as was 
shown under similar conditions by the salmonella. This 
may indicate a difference in metabolic processes of the 
two organisms for sodium alginate or it may be a 
reflection only of the greater stress placed on the 
staphylococci by the use of phosphate buffer as a sus- 
pending medium. Steiner and MeNeely (1954) re- 
viewed studies which indicated a difference among 
species in the production of alginolytic enzyme ac- 


tivity. It is hoped that the experiment can be repeated 
using peptone water or some other fluid more favor- 
able to the staphylococci as a carrier for the sodium 
alginate. The role played by the phosphate may possibly 
prove to be more important than the alginate in explain- 
ing the observations reported here. 

Chemically, sodium alginate is a salt of anhydro-p- 
mannuronie acid of high molecular weight (Steiner 
and McNeely, 1954). It is used commercially as a 
stabilizing agent and to give increased viscosity to such 
items as ice creams and pie fillings but in lesser con- 
centrations than many of those chosen for this study 
(Gibson and Rothe, 1955). Work reviewed by Steiner 
and MeNeely (1954) indicated that sodium alginate 
is utilized metabolically by only a small number of 
species of microorganisms and by none of the gram 
positive or pathogenic strains tested. Sodium alginate, 
of course, enters into colloidal dispersion in water and 
the effects observed on the microorganisms may center 
around this property. Hodge and Metcalfe (1958) 
reported sodium alginate at a level of 0.15 per cent 
to be an effective agent in flocculating bacteria from 
suspension. They found, further, that this property 
was lost upon standard autoclaving. Media used in 
the experiments in this laboratory were autoclaved 
so, presumably, flocculation by the alginate did not 
enter into the reaction observed here. A limited number 
of tests were made in this laboratory using the Hodge 
and Metealfe technique for sterilization of sodium 
alginate without destroying the ability to flocculate 
microorganisms. In these tests it was not found pos- 
sible to attain sterility. For this reason the autoclaving 
of the sodium alginate was continued. It may have 


TABLE 4 


Survival of Staphylococcus aureus 196 and Salmonella typhimurium 84 in a milk medium containing varying 


concentrations of sodium alginate* 


(Plated on SM-110 and SS agar, respectively; incubated at 37 C) 


Concentration of Sodium Concentration of 
Alginate (Grams Added to Milk (Percentage of 
100 ml of Medium) Milk in Medium) uke 
cells/ml 
S. aureus 196: 
0 control 90 9,200 
0.25 80 9 ,400 
0 control 90 8,900 
2.5 70 7,800 
S. lyphimurium 84: 
0 control 90 5,100 
0.25 80 4,700 
0 control 90 2,800 
2.5 70 2,800 


‘ach figure represents an average of 10 plates, 2 from each of five trial series. 


Incubation Time for Cells Suspended in Milk Med um 


24 hr 48 hr 72 hr 


cells/ml cells/ml cells/ml ~—o 
180,000 ,000 184,100,000 7,800 ,000 
90,300 ,000 84,100,000 650 ,000 
169 ,900 ,000 187 ,600 ,000 20,800,000 
89 ,900 ,000 59, 100,000 11,000 ,000 
23 ,400 ,000 52,700,000 360 ,000 
68 , 400 ,000 4,800,000 43 ,000 
68 , 700 ,000 41,700,000 300 ,000 


42,300,000 46 ,300 ,000 170 ,000 
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been that the sodium alginate in our laboratory had a 
higher original bacterial load. 

Since sodium alginate is a colloid, it might be of 
interest to note the effect of various colloidal substances 


upon the growth of microorganisms. An early investiga- 
tor, Beckhold (1919), reported a moderate inhibition 
of growth of S. aureus by colloidal silver, but no destruc- 
tion of cells was apparent in this medium. He noted 
that the size of the particles in the hydrosol was of 
great importance. Dispersions of finely granular parti- 
cles were more active in .producing microorganism 
inhibition than the solution of coarser particles. Beck- 
hold also reported that colloidal mercury in a dilution 
of 1:132,000 inhibits the development of staphylo- 
coccus. Later, Woiwod (1954) reported that colloidal 
copper sulfide was inhibitory to staphylococcus and 
many other gram-positive organisms but had little 
effect on gram-negative organisms. The authors in- 
ferred, however, that both the colloidal properties and 
the metallic properties of these substances mentioned 
above must be considered as to their effect upon micro- 
bial growth. 

Kaminato (1955) studied the effect of antibacterial 
substances extracted from seaweeds on the growth of 
several pathogenic organisms. Extractions were taken 
from 12 species of seaweeds. Of these 12 species, Un- 
daria pinnatifida and Sargassum seemed most closely 
related to the purified sodium alginate, according to 
descriptions presented by Chapman (1952). Extracts 
from each of the two species mentioned permitted 
poor to moderate growth of staphylococcus and moder- 
ate to good growth of salmonella. The results obtained 
indicate a possible detrimental effect of these types of 
seaweed on growth of staphylococci. 

The observations of Allen and Dawson (1960) con- 
cerning the selective inhibition of bacteria representing 
various genera by algae and extracts of algae, is most 
pertinent to the experiments here reported. These in- 
vestigators stated that among the marine algae there 
is a wide distribution of materials which inhibit the 
growth of gram-positive bacteria, whereas the gram- 
negative bacteria are unaffected by the algal extracts. 
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SUMMARY 


A consideration of data from a number of ty pes of 
experiments suggests that one strain of Staphylicoccus 
aureus may be inhibited by the presence of sodium 
alginate in the suspending medium. One strain of 
salmonella did not show a similar degree of inhibition 
under like conditions. The possibility that sodium 
alginate if incorporated into food, especially frozen 
food, might serve to assist in the control of food poison- 
ing staphylococci is tentatively suggested. Obviously, 
to recommend such a procedure, more evidence than 
offered in this paper must be accumulated. Also, the 
legal aspects of the problem must be considered as 
well as the quality of any final product so prepared. 
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Normally, the sheath-forming bacteria of the genus 
Sphaerotilus are invisible in natural waters; however, 
in certain streams which receive organic pollution, 
Sphaerotilus may attain grossly visible dimensions. In 
the Danube River, the masses of Sphaerotilus were 
estimated to have been as much as 25 to 65 tons, wet 
weight, per day (Demoll and Liebmann, 1952). 

The masses of bacteria often interfere seriously with 
the economic and recreational uses of the water, the 
ecology of the stream, and its aesthetic qualities. 
Sphaerotilus is also associated with the undesirable 
characteristic of “bulking” of activated sludge in 
sewage treatment. Although many of the circumstances 
of the infestation of streams and the bulking of acti- 
vated sludge by Sphaerotilus are understood, there are 
many conflicting reports regarding the morphology, 
nutrition, physiology, and ecology of the organisms. 
Much of the pertinent literature on Sphaerotilus and 
slime infestations has been reviewed by Harrison and 
Heukelekian (1958) and Wurtz (1956, 1957). 

Apart from economic and aesthetic considerations, 
Sphaerotilus embodies other features which invite 
scrutiny, e.g., attachment, sheath formation, mode of 
nutrition, and adaptation to the environment. 

To study some of the properties in pure culture, 
strains from different habitats were accumulated. 
Several were isolated by the methods described by 
Pringsheim (1949), but the viability of the cultures 
was uncertain when carried on 0.05 to 0.6 per cent 
beef extract medium. The inhibition of Sphaerotilus 
was attributed to beef extract by Ruchhoft and Wat- 
kins (1928). In the process of building a culture collec- 
tion and developing dependable procedures, the meth- 
ods of Pringsheim and others were somewhat modified. 
Some of the culture media and procedures which were 
found to be useful in the isolation, cultivation, and 
preservation of Sphaerotilus are described in this report. 

The term “biological slime,” or simply “slime,” in 
stream sanitation and waste treatment has been used 
to denote the population of microorganisms which 
grows on submerged surfaces. The layer varies in thick- 
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ness and character in response to environmental con- 
ditions. When the attached microorganisms attain 
offensive proportions, the term “slime infestation” 
has been suggested to be appropriate (Harrison and 
Heukelekian, 1958). In this report the term slime is 
used to denote a mass of microbial cells rather than the 
capsular layer of microorganisms. 
MATERIALS AND METHODS 

Sources of strains. The principal sources from which 
Sphaerotilus was isolated were slime masses collected 
from polluted streams. Several strains were isolated 
from slimes grown in artificial laboratory troughs or 
channels. Some were obtained from the activated 
sludge of a sewage treatment plant and of laboratory 
experimental units. 

Identification. The identification of Sphaerotilus in 
slimes, activated sludge, and cultures was based solely 
on microscopic examination. Sphaerotilus was con- 
sidered to be present when distinct cylindrical sheaths 
were seen enclosing ellipsoidal or rod-shaped cells 
devoid of chlorophyll. 

Sheaths were readily observed by phase contrast 
microscopy in wet mounts using 320 to 800 magnifi- 
ration (figure 1). Phase contrast and dark field micros- 
copy were equally effective, more convenient, and more 
discerning than were stains in respect to the presence 
of a sheath, and were preferred to stains such as lacto- 
phenol cotton blue or crystal violet. 

Surface colonies of Sphaerotilus were tentatively 
identified by their characteristic appearance. Agar 
plates were examined by transmitted oblique illumina- 
tion at magnifications of 10 to 60X, using a dissect- 
ing microscope. The highest magnification was very 
useful in distinguishing between colonies of Sphaerotilus 
and certain sporeforming bacteria. 

Primary isolation from stream and trough slimes. 
Portions of the bacterial mass were floated in water, 
pulled apart into portions of about 1 cm diameter, 
and washed thoroughly with distilled water, either 
continuously flowing or through six or seven changes 
in Petri dishes. The washed pieces were placed in a 
small electric blender cup with sufficient water to cover 
the blades and homogenized for 30 to 45 sec. Portions 
of the homogenate were streaked on the surface of 
agar plates according to a pattern which usually gave 
good separation of colonies from a heavy inoculum. 
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Ordinarily, 24- to 48-hr incubation at 28 C sufficed 
for the formation of typical colonies; usually 48 hr or 
more were required at 20 C. 

When fishing isolated colonies, it was convenient, 
and sometimes necessary, to remove a bit of agar with 
adherent filaments of the organism. When colonies 
were not clearly separated, the filaments were picked 
up as carefully as possible, using the dissecting micro 
scope and carried to a sterile broth tube, where they 
were mixed and streaked out on agar immediately. 
The broth tube was preserved in case a pellicle or 
Sphaerotilus developed, which could be used for further 
streaking if desired. Streaking and isolation were re- 
peated several times to insure the purity of the strain. 

The purity and identity of the strains of Sphaerotilus 
were determined on the basis of the following: (a) 
the presence of distinctly visible cylindrical sheaths, 
(b) the absence of endospores, and (c) the absence of 
contaminant colonies on agar plates and the absence, 
microscopically, of obvious contaminant cells. 

Isolations from activated sludge. Activated sludge was 
streaked directly on agar plates without homogeniza- 
tion. Usually, three or more plates were used for each 
sample. In experiments made to compare the effective- 
ness of dilution of media for encouraging Sphaerotilus 
and suppressing associated bacteria, sets of plates were 
inoculated with 0.05 ml of activated sludge suspension, 
streaked in the same pattern, and incubated at the 
desired temperatures. Typical colonies of Sphaerotilus 
were described with the dissecting microscope, and 
isolations were made when desired. 

Casitone glycerol yeast autolysate medium (CGY). The 
medium consisted of the following: pancreatic digest 
of casein (Casitone® or Trypticase’) 5.0 g; glycerol, 
10 g; yeast autolysate, 1.0 g; and distilled water, 1000 
ml. Fifteen grams of agar were added to make a solid 
medium. 

Glycerol glutamate medium (GG). The formula is a 
slight modification of that of Dr. A. H. Romano, Uni- 
versity of Cincinnati, who informed us that it was 
suitable for the isolation of Sphaerotilus. It consisted 
of the following: glycerol, 5.0 g; glutamic acid, 0.9 g; 
MgSO,-7H20, 0.1 g; FeSO,-7H.O, 0.5 g; CaCl.-2H.O, 


’ Difeo Laboratories, Inc., Detroit, Michigan. 
‘ Baltimore Biological Laboratory, Inc., Baltimore, Mary- 
land, 


0.03 g; ZnSO,-7H2O, 0.03 g; and distilled water, 
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ml. The pH was adjusted to 7.0 with 10 per cent KOH. 
For a solid medium, agar was added at this point. The 
broth or agar was sterilized at 121 C for 10 min. A 
phosphate solution (KeHPO,, 5.7 g; KH2PO,, 2.3 g; 
and distilled water, 500 ml) was sterilized separately 
and added aseptically to the sterile basal medium in 
the proportion of one volume of phosphate solution 
to nine of basal medium. 

The ability of pure strains to grow in plain or supple- 
mented GG broth was judged on the appearance of 
growth on the second transfer in the same medium 
after an incubation period of at least 10 days when 
growth did not appear earlier. 

Beef extract media. Beef extract broth and agar, 
ranging from 0.05 to 0.6 per cent beef extract, were 
used at first. These media were supplemented with 
various substances at times. 

Shaken cultures. Fifty or 100 ml of sterile medium in 
125- or 250-ml Erlenmeyer flasks, respectively, were 
incubated at room temperature on a New Brunswick® 
rotary platform shaker at 100 rpm with a 1.25-cm 
shaking radius. 

Stock culture preservation. Stock cultures were pre- 
served at first in broth tubes, and agar slants with 
smeared surfaces and stabbed butts. Cultures were 
incubated at 28 C, or room temperature, for 5 to 7 
days to permit maximal growth, then sealed with a 
paraffin plastic film to prevent drying, and stored at 
room temperature or refrigerated. 

Lyophilization. Pure cultures were grown at room 
temperature, usually for 48 to 72 hr, as shaken cultures 
to obtain copious growth. CGY broth was used for all 
but a few cultures. 

Growths were harvested by sedimentation or centri- 
fugation. To the cells an approximately equal volume 
of sterile skim milk suspension (dehydrated skim milk, 
20 g; distilled water, 100 ml) was added and mixed 
thoroughly. One or two milliliters of the mixture were 
transferred to 5-ml or 10-ml freeze-drying vials, dis- 
tributed in a film on the inner surface, and then frozen 
by immersion in a methyl alcohol-CO; ice mixture 
while spinning the vials with the fingers. The vials 
were attached to the manifold at 0.02 mm Hg and 

5 New Brunswick Scientific Co., New Brunswick, New 
Jersey. 


made with a full loop, after incubation were examined with the dissecting microscope and colonies fished from the edges of the clear 


areas. 


Figure 3. Filaments of Bacillus, showing endospores and intact vegetative cells which appear as dark rods. The lighter spaces 
between the intact cells are the remains of autolyzed vegetative cells which give the appearance of a sheath. The filaments were 


stretched by drying of the wet mount. Phase contrast. 


Figure 4. Pseudosheath of a sporeformer. Autolyzed cells of the bacteria still maintaining the filamentous form. Phase contrast. 
Figure 6. Typical young colonies of Sphaerotilus. Grown on Casitone glycerol yeast autolysate agar 24 hr, 28 C. Transmitted 


oblique illumination. 


Figure 6. Typical Sphaerotilus growth, lower center. Two sporeformers, upper left and upper right. From activated sludge grown 


on 0.13 per cent Casitone agar 48 hr, 28 C. Oblique transmitted illumination. 
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allowed to sublimate 18 to 20 hr. The vials were then 
sealed under vacuum by fusing the stems and stored 
in the refrigerator. Viability tests were made within a 
few days and at intervals thereafter by culturing the 
vial contents on CGY agar plates. 

Sensitivity to antibiotics and therapeutic agents. Semi- 
quantitative tests of the resistance of Sphaerotilus to 
antibiotics and other chemotherapeutic agents were 
performed using commercially available sterile paper 
disks impregnated with the compounds (Bacto-sensi- 
tivity dises* and Bacto Unidisks*). The dises were 
placed on the surface of CGY plates, the surfaces of 
which were inoculated by smearing with a swab dipped 
in a broth culture. Sphaerotilus strain nos. 2, 10, 29, 
and 30 were tested. Piates were allowed to stand at 
room temperature for 3 hr between inoculation and 
application of the dises to minimize overlapping in- 
hibition zones. Incubation was at 28 C for 24 to 48 
hr. Inhibition of growth was indicated by a clear zone 
surrounding the disc. 

Tolerance to Actidione. Stock solutions of Actidione® 
were made in distilled water containing 1 mg and 10 
mg per ml and sterilized by autoclaving at 121 C for 
15 min. The stock solutions were mixed aseptically 
with CGY agar in Petri dishes to give the following 
concentrations: 1000, 500, 375, 250, 125, 50, 37.5, 25, 
12.5, 5.0, and 0.0 wg per ml. Plates were inoculated 
by streaking with strain nos. 2 and 10 and incubated 
at 28 C. 

Tolerance to isonicotinic acid hydrazide. Isonicotinic 
acid hydrazide (INH) was further tested by a method 
more quantitative than the disk procedure. A vigorously 
growing strain (no. 10) was used. A stock solution of 
INH was prepared by weighing aseptically 0.8 g of 
INH and adding 100 ml of sterile distilled water. 
Amounts of the stock solution were added to CGY 
broth to give concentrations of 0.0, 0.003, 0.008, 0.016 
0.032, 0.08, and 0.16 mg per ml in final volumes of 50 
ml contained in 125 ml Erlenmeyer flasks. A negative 
control was prepared by adding 2 ml of concentrated 
H.SO, to another flask of broth. Each flask was inocu- 
lated with 0.5 ml of a 24-hr homogenized CGY culture 
grown on the shaker. Flasks were shaken for 48 hr at 
room temperature. INH was also tested by the plate 
method, used for other selective agents, described under 
the next heading. 

Other selective agents. A variety of substances were 
incorporated into agar plates in attempts to make the 
primary isolation medium more selective. Sterile stock 
solutions of the agents were placed in Petri dishes 
before introducing melted agar. Plates were triplicated 
or quadruplicated. These plates were then inoculated 
with slimes or pure cultures. 

The stock solution of p-aminosalicylic acid was made 


6 The Upjohn Company, Kalamazoo, Michigan 
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by weighing 50 mg of the acid and transferring 
-ally into 100 ml of sterile distilled water. 

Plates were incubated at 28 C and inspected afi or 24, 
48, and 72 hr. 


epti- 


RESULTS AND Discussion 

The composition of the biota of stream slime varies 
according to stream conditions, age of the slime, degree 
of pollution, and possibly other factors (Butcher, |922), 
Bacteria other than Sphaerotilus are always present 
in large numbers. In slimes which, microscopically, 
appeared to be composed predominantly of Sphaerot- 
ilus, there were always many inconspicuous micro- 
organisms present. Other bacteria greatly outnumbered 
Sphaerotilus in surface cultures obtained from the 
slimes. The sheaths which enclose the cells of Sphacrot- 
ilus reduced the effectiveness of the streaking process 
by holding together the colony-forming units and, 
because of their larger size, by resisting distribution 
over the surface of the agar. Consequently, the asso- 
ciated bacteria were well distributed on the plates 
and the Sphaerotilus more often confined to the thickly 
seeded area near the point of inoculation. 

To cope with the numbers of extraneous bacteria, 
Pringsheim (1949) and Lackey and Wattie (1940) 
washed bits of the slime, a procedure which we also 
found to be effective. Lackey and Wattie then broke 
the slime floc by shaking with glass beads. In our work, 
homogenization of stream slimes with an_ electric 
blender for 15 see was employed to break most of the 
filaments into more easily spread units of one to five 
cells, thus increasing the number of potential colony- 
forming units. The homogenization also killed the 
troublesome nematodes which spread bacteria along 
the paths of their migrations. 

Activated sludge required different treatment from 
stream slime. Since most of the activated sludge sam- 
ples were of good quality and the proportion of Sphae- 
rotilus to other bacteria was neglibible (in contrast 
to the situation in slime), homogenization would have 
multiplied the difficulties due to overgrowth by associ- 
ated organisms. 

Sphaerotilus was readily isolated from activated 
sludge by streaking suspensions of sludge, without 
homogenization, directly on several plates. Three or 
more plates per sample were usually necessary to en- 
sure successful isolation. 

It was advantageous with activated sludge and 
slimes to place the inoculum about 1.5 em from the 
edge of the plate and to leave a clear area between 
the edge of the dish and the first streaks. Filaments 
of Sphaerotilus would often grow into the clear areas 
from the initial streaks. Another convenient method 
of inoculating plates, without striving for isolated 
colonies, is shown in figure 2. A few loops full of acti- 
vated sludge were drawn across the surface of the agar 
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in the pattern shown. With the aid of the microscope 
the ends of outgrowing filaments were picked from the 
open areas. 

As others found, it was essential to use plates with 
well dried surfaces. Details of the conditions found 
favorable for isolation will be discussed in a subsequent 
section. 

In consideration of the conflicting information of the 
physiological characteristics of Sphaerotilus, it seemed 
advisable to rely on morphology. (see Materials and 
Methods) as the most reliable criterion for the identi- 
fication of an isolate as Sphaerotilus. It was considered 
necessary to see distinctly, long segments of cylindrical, 
nonsegmented, nonseptate sheaths at some time in a 
culture, since the sheath is the common characteristic 
of the biotypes of Sphaerotilus (Pringsheim, 1949). 
When grown in concentrated media some strains tended 
to lose their ability to form sheaths (Pringsheim, 1949; 
Stokes, 1954). During growth on dilute media the 
sheaths may be regained. 

Free cells, usually motile, were often abundant in 
CGY broth or in the thicker central parts of agar 
surface colonies. These cells were of the same dimen- 
sions and appearance as the cells within the sheaths. 
When viewed by dark field, the flagella were sometimes 
visible, especially on cells from mucoid colonies. The 
flagella were observed to be single strands in the living 
state and subterminal. The free cells were characteristi- 
‘ally present in some strains (e.g., strain no. 10) in 
CGY broth in sufficient quantity to cause distinct 
turbidity. 

The necessity for seeing the sheath as a distinct 
cylindrical tube rests on the similarity in appearance 
of some strains of sporeforming bacilli. Sporeformers 
of this type were inadvertently isolated at first. Long 
tenacious filaments were seen microscopically, spores 
were absent or mistaken for other cell inclusions, and 
sheaths were closely simulated by the envelopes of the 
lysed cells (figures 3 and 4). Bacilli of this sort were 
isolated by Sack (1925), who concluded that Sphaerot- 
ilus was a sporeformer. This finding was refuted by 
Haag (1927), who showed that Sack’s isolations were 
Bacillus megaterium. 

During the first 18 to 24 hr of incubation, the agar 
surface colonies of the Bacillus resembled those of 
Sphaerotilus sufficiently to be deceptive. With experi- 
ence it was found that there were discernible charac- 
teristic differences between the two types of colonies. 
Both had filamentous edges at first, but as the colonies 
matured, the filaments extending from the edge of the 
bacillus colony tended to crumple, forming spurs 
normal to the line’ of extension. On further develop- 
ment the filamentous extensions became progressively 
lristly or feathery in appearance. The colonial fila- 
ments of Sphaerotilus elongate and branch in arbores- 
cent fashion, but do not commonly crumple and fold. 
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They appear gnarled, coarser, and more refractile than 
those of Bacillus and the tips of the filaments tend 
often, but not necessarily, to curve into spirals. Older 
colonies of the Bacillus developed entire edges and 
exhibited a refractile crystalline or granular internal 
texture by oblique lighting. The Sphaerotilus usually 
maintained some vestige of the plumose margin, 
but the interior of the colony was elevated and rough 
or, sometimes, very mucoid. The differences are illus- 
trated in figures 5 and 6. 

The growth habit of Sphaerotilus in static broth 
cultures was essentially as described by Pringsheim. 
There was a tendency for the broth to be free of tur- 
bidity and for a firm pellicle at the surface or of cot- 
tony growth in the depths of tubes. Growth in shaken 
broth cultures seemed to be more variable. Strains 
differed in growth habit, varying from spiny, compact 
spherules resembling those of fungi, to loose floes 
ranging in size down to a few cells. Shaken cultures 
were more apt to produce mucoid material than static 
cultures, although this characteristic differed according 
to the strain. 

The Casitone glycerol yeast autolysate medium was 
developed because numerous failures of cultures were 
experienced with beef extract media. Viability of beef 
extract cultures declined when serial transfers were 
made in rapid succession, as in 7 or 8 daily transfers, 
or when stocks were held for 1 to 3 months. The failure 
of subcultures was irregular and was due sometimes 
to dead inocula and sometimes to failure of living cells 
to initiate growth. 

Supplementation of the beef extract medium by 
addition of substances in varying concentrations such 
as glucose, yeast extract, spent sulfite liquor, soil ex- 
tract, acid hydrolyzed casein, and others did not pro- 
vide a general solution. Glucose, sulfite liquor, and soil 
extract extended the lives of cultures somewhat, but 
after a series of transfers, the growth of several cultures 
declined and finally failed. 

A solution of pancreatic digest of casein, when applied 
to seeded plates of Stokes’ medium (1954) for testing 
‘arbon sources, was found to stimulate markedly the 
growth of Sphaerotilus. The stimulation was so much 
in excess of that due to the addition of single carbo- 
hydrates to the basal medium that the basal medium 
was abandoned. Isolates had been made, however, 
using glucose and sucrose in Stokes’ basal medium. 

The effectiveness of the pancreatic digest of casein 
(Casitone), proteose peptone, and peptone as growth- 
supporting substances was compared in media con- 
taining 2.5 g of the material, 5.0 g of glucose added as 
a separately sterilized solution, and 5 g agar per L. 
By comparison of size and density of the colonies, 
Casitone was the best utilized and proteose peptone 
the least. 

By a gradual process of trial and elimination, using 
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pure cultures and river slimes, the formula of CGY 
medium, as given in the section on Materials and Meth- 
ods, was evolved as a working medium for the isolation 
and conservation of Sphaerotilus. Glycerol promoted 
vigorous growth and a tendency toward mucoid cap- 
sular material, but was not essential for growth. Yeast 
autolysate, also not essential, stimulated growth and 
prolonged the life of the stock cultures. Previous to the 
use of CGY for stock conservation, cultures carried on 
beef extract could not be expected to survive with 
certainty an interval of 2 or 3 months between trans- 
fers, either at room temperature or at 4C. CGY broth 
cultures held at room temperature in sealed tubes did 
not lose viability over 20 months when transferred 
semiannually. Seven of the strains, originally isolated 
on beef extract agar, were carried for the full 20 
months; 14 strains isolated on CGY agar were accum- 
ulated in the interim and held for varying intervals 
up to the time of testing. One culture which had been 
unintentionally saved survived 13 months at room 
temperature without a transfer. Survival was better 
in broth tubes than in agar slant stabs. 


TABLE 1 
Growth of isolates of Sphaerotilus on synthetic and 
supplemented media 


Sphae Medium* 
Source rotilus 
Strain No. ; 
GG |GG+C|IGG+Y 
Altamaha River, Georgia. . 2 = _ - 
Altamaha River, Georgia : 10 + + + 
Altamaha River, Ceorgia 24 a + 
Altamaha River, Georgia 27 + + + 
Altamaha River, Georgia < 28 + + =e 
Altamaha River, Georgia. 33 + 4. ab 
Raritan River, New Jersey.... 29 + + ees 
Rainy River, Minnesota...... 30 a + + 
Whippany River, New Jersey . 31 + + - 
Drainage ditch, Hackettstown, 
New Jersey 32 + + 
Experimental troughs, paper 
mill waste Pood 34 -- ao _ 
Jackson River, West Virginia 35 + + Sa 
Pink slime, Delaware River 
tributary, Pennsylvania...... 37 + + a 
Pink slime, Delaware River 
tributary, Pennsylvania 40 + 4. + 
Pink slime, Stony Kill Creek, 
New York : 42 + = a 
Experimental channel, fed glu- 
cose, NH,Cl, and salts 43 + of a 
Activated sludge, fed glucose, 
NH.Cl, and salts 46 - + + 
Activated sludge, fed glucose, 
NH.,Cl, and salts 47 4 + + 


* Abbreviations GG, glycerol glutamate broth; GG + C, 
glycerol glutamate broth supplemented with 0.1 per cent 
Casitone; GG + Y, glycerol glutamate broth plus 0.01 per 
cent yeast autolysate. 
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In the meantime, our attention had been c: led to 
the glycerol glutamate medium (GG), which h: 
used for the isolation of Sphaerotilus by Dr. R 
Three of our 18 previously isolated strains did n 
growth in this medium at 


| been 
mano, 
show 
room temperature, but 
all strains would grow when the GG medium was sup- 
plemented with either 0.01 per cent yeast autolysate 
or 0.1 per cent Casitone (table 1). Two strains did not 
grow when GG broth was supplemented with 0.5 per 
cent Casitone; four did not grow with yeast autolysate 
supplementation. All of these strains had been isolated 
on beef extract or Casitone media; some had _ been 
carried for as long as 20 months in CGY broth and had 
been subject to streaking and reisolation several times. 
These results indicate, in a rough fashion, some of the 
differences in the nutritional requirements of individual 
strains. 

For isolation of Sphaerotilus from river slimes, the 
GG medium yielded colonies of Sphaerotilus and sup- 
pressed more of the accompanying bacteria than did 
CGY. 

It was desired to have a medium which would permit 
Sphaerotilus to grow more freely by the suppression of 
some of the great numbers of associated bacteria. Anti- 
biotics and other inhibitory or stimulating substances 
were tested against pure cultures of Sphaerotilus and 
also against wild slime. The following substances were 
tested by the dise method: p-aminosalicylic acid, 
bacitracin, carbomycin, chloramphenicol, chlortetra- 
eycline, dihydrostreptomycin, erythromycin, isonico- 
tinic acid hydrazide, mycostatin, neomycin, nitro- 
furantoin, novobiocin, oleandomycin, oxytetracycline, 
penicillin, polymyxin B, streptomycin, sulfadiazine, 
sulfamerazine, sulfamethoxypyridazine, sulfamethyl- 
thiadiazole, sulfathiazole, sulfisomidine, sulfisoxazole, 
tetracycline, and viomycin sulfate. 

Only isonicotinie acid hydrazide (INH), p-amino- 
salicylic acid (PAS), and mycostatin did not inhibit 
the Sphaerotilus strains in the amounts tested (INH, 
25 ug; PAS, 100 ug; mycostatin, 125 units per disc). 
INH was tolerated by strain no. 10 in the highest 
amount tested, 0.16 mg per ml, in CGY broth shaken 
cultures. When INH was added to agar plates in con- 
centrations of 0.0, 0.002, 0.005, 0.01, 0.04, 0.1, and 
0.2 mg per ml, and then inoculated with a healthy 
Sphaerotilus slime from an artificial channel, there was 
no detectable suppression of the heavy growth of 
associated organisms. Plate tests were made with PAS, 
using a stream slime and also strain no. 35. PAS con- 
centrations of 0.0, 0.0062, 0.012, 0.019, 0.025, 0.050, 
and 0.075 mg per ml were incorporated in the agar. 
There was very slight inhibition of strain no. 35 at 
0.075 mg per ml; none was detected at lower concen- 
trations. Organisms unlike Sphaerotilus from the stream 
slime were not significantly suppressed. It was con- 
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eluded that PAS and INH were of no practical value 
in the suppression of associated microorganisms. 
Although fungi are always present in natural slime 
and activated sludge, they did not interfere seriously 
at 28 C because typical Sphaerotilus colonies were 
72 hr. At 20 C, however, 


the fungi often outgrew the Sphaerotilus. 


usually subeultured before 


Two strains of Sphaerotilus, nos. 10 and 2 (a slow 
growing strain), were st reaked on a series of agar plates 
containing Actidione at concentrations from 5 to 500 
yg per ml. Strain no. 10 grew without restriction at all 
levels at 28 C; strain no. 2 was slightly inhibited for 
48 hr from 50 to 500 ug per ml, but after 48 hr the 
inhibition could not be detected by visual comparison 
with plates containing no Actidione. 

Actidione proved valuable in ridding cultures of 
fungus contaminants. By the addition of Actidione in 
a sterile stock solution to broth tubes to give a final 
concentration of 50 to 100 wg per ml, fungi were elimi- 
nated by two subculturings lasting not more than 48 
hr each at 28 C. The second subculture in the presence 
of Actidione was followed by reisolation from an agar 
plate without Actidione. 

Pursuing the use of inhibitors further, other sub- 
stances were incorporated into agar plates and tested, 
as previously described, with crude slimes and cultures. 
In all cases Sphaerotilus was more readily suppressed 
than the other bacteria. Among these substances were 
triphenyltetrazolium chloride, brilliant green, crystal 
violet, basic fuchsin, sodium ricinoleate, ferrous sulfate, 
manganous sulfate, citric acid, and oxalic acid. Man- 
ganous sulfate stimulated growth of strain no. 10 
and Sphaerotilus from channel slime at 0.03 per cent, 
but inhibited them at 0.06 per cent without exerting ¢ 
practical inhibition on other bacteria. 

Because of the lack of success with inhibitors, more 
consideration was given to Pringsheim’s idea that some 
strains of Sphaerotilus do not grow as well on “rich” 
media as on dilute media. This idea was tested during 
the winter when stream slimes in good condition were 
not readily available in the area. Activated sludge 
was used as the main alternative source of Sphaerotilus; 
one specimen of slime collected in the Columbia River 
was also tested. 

Since the proportion of other microorganisms to 
Sphaerotilus in activated sludge is far greater than in 
stream slime, the use of activated sludge as the inocu- 
lum on plates with reduced nutrient concentrations 
provided a rigorous test of the ability of the limited 
foot to reduce the numbers of associated organisms 
while permitting Sphaerotilus to grow. The sludge from 
the treatment plant was of excellent quality, containing 
very little Sphaerotilus. Five samples were obtained 
from the plant at different times. On microscopic 
examination only one or two short filaments of bacteria 
resembling Sphaerotilus were visible per oil immersion 
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field. Each field contained three or four floes consisting 
of unknown numbers of bacteria. A specimen of experi- 
mental activated sludge which was tested contained 
a much higher proportion of Sphaerotilus. 

By keeping the method of surface inoculation and 
size of the inoculum as uniform as possible, maximal 
counts of typical Sphaerotilus colonies represented the 
combined effects of the ability of the media to support 
Sphaerotilus and repress other bacteria. The media 
selected for testing were CGY, GG, and a simple 
Casitone (5.0 g per L) agar. Each type of agar was 
made with successive nutrient dilutions to give single, 
half, fourth, and eighth strength. Plates were incubated 
at 20, 28, and 35 C. Experimental activated sludge 
was not cultured at 35 C. Plates were counted each 
day for 4 days. The greatest Sphaerotilus colony count 
for any day in the period was considered to be the 
maximal count for the plate. 

A culture of strain no. 30 was streaked on dilutions 
of CGY and Casitone agar, incubated at 28 C, and the 
amounts of growth compared visually. 

A summary of the results for activated sludge is 
shown in table 2. The data show that the yield of 
Sphaerotilus colonies was low on the average, two or 
less colonies per plate. It is possible that an improved 
method of streaking would raise the efficiency of isola- 


TABLE 2 
Effect of culture medium, nutrient concentration, and 
incubation temperature on numbers of Sphaerotilus 
colonies from activated sludge 


Activated Sludge 


20 C 28 C 35:¢ Total ; 
Sphae- 
i rotilus 
Medium* : : _fotuus 
eae Ff er & & 2 Strain No. 
z = z = =z = 3 = 30 at 28C 
— S | = = = = = | 
Qa; 8 |S) e)]2] ¢g = S 
‘ae wan o nt ° aS 5 
© e ° 2 ° o ° o 
$ | 3 S$] 3 ¢| 3 : 3 
Zz ay Z wy Z a a 3 


CGY 9;0.0| 9|0.8)} 10} 0.0 28 | 0.2 4+ 
1g CGY 9;0.2| 9); 2.0 | 10; 0.0 28 | 0.86) 4+ 
14 CGY 9 | 0.3 9 | 3.0} 10 | 0.6 28 | 1.4 4+ 
1g CGY 9|0.6} 9|0.4} 10} 0.8 28 | 0.61) 2+. 


C 9} 0.1 9 | 3.0} 10 | 0.2 28 | 1.0 3+ 
1g C 9|0.2| 9/|0.4) 10) 1.4 28 | 0.71) 3+ 
14 C 9° | Ost 9} 5.0) 10} 1.2} 281:2.2| 2 
Ig C 9 | 0.4 9 | 3.0} 10 | 1.0 28} 1.6) 2+ 

GG t| 00 é} OD | 105) 02 24 | 0.08 
1g GG 710.0) 710.7 | 10)0.5| 24 | 0.42 
14 GG 71 0D | 7} 0.0) 10) 0.0 24 | 0.0 
lg GG 71 OM| @€) O28-| 10") 028 24 | 0.4 


* CGY, Casitone glycerol yeast autolysate agar; C, 0.13 per 
cent Casitone agar; GG, glycerol glutamate agar; used at 
strength indicated. 

+ Plate count: average number of colonies per plate. 

$2+,3+,4+ indicates vigor of growth, in decreasing de- 
gree, established by comparative sizes of colonies. 
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TABLE 3 
Effect of culture medium and nutrient concentration on 
numbers of Sphaerotilus colonies from Columbia 
River slime 


Medium* No. of Plates Plate Countt 
CGY 10 17 
1g CGY 10 21 
14 CGY 10 34 
1, CGY 8 6 
Cc . 10 8 
Cc 10 24 
14C 10 0.2 
16 C 10 0.1 
GG 0 
16 GG 10 0 
144 GG 10 0 
i GG 10 0 


* All abbreviations as in table 2. All plates incubated 48 hr 
at 28 C. 
+ Average number of colonies per plate. 


tion. Using these media, three or four plates per sample 
are needed to make an isolation. With bulky activated 
sludge, which contained more Sphaerotilus, the yield 
was higher. The results from the experimental activated 
sludge were combined with the results from the treat- 
ment plant material because the data were consistent. 

The plain Casitone medium was most effective; the 
GG the least effective. Bacterial colonies other than 
Sphaerotilus were most numerous and, in general, 
larger on CGY agar. They were least numerous and 
smaller on GG medium. On the three media, the asso- 
ciated bacteria were strikingly decreased with increasing 
dilution of the medium. 

Within the short incubation period which was prac- 
ticable for making isolations, 20 C was least suitable. 
Although Sphaerotilus grows at 20 C, there was rapid 
overgrowth by other bacteria. It is difficult to decide 
between 28 C and 35 C on the basis of these results. 
One might hesitate, however, at the use of 35 C on the 
ground that it might not be an ecologically appropriate 
temperature. 

Colonies of strain no. 30 were distinctly smaller on 
quarter- and eighth-strength Casitone and eighth- 
strength CGY. CGY colonies were mucoid, but the 
degree of this characteristic decreased with increasing 
dilution. 

For the two undefined media, it seemed clear that 
the more dilute levels favored the isolation of Sphaerot- 
ilus not because the Sphaerotilus does not grow well 
on rich media, but because many of the accompanying 
organisms are suppressed. Eighth- to quarter-strength 
Casitone and CGY media were best; the results with 
GG medium were inconclusive with respect to con- 
centration. 
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For the single Columbia River sample, the ‘olony 
counts were numerically higher because the sp: cimen 
was a Sphaerotilus slime. The half- and quarter-st rength 
undefined media were the most effective and the GQ 
medium the least effective (table 3). 

As to the choice of medium for isolation and main. 
tenance, one is faced, because of the selective iiature 
of a specific medium, with the possibility of isolating 
strains which are atypical of the biotypes sought, 
This is especially possible with slimes from heavy 
stream infestations because of the great masses of cells 
produced. With masses amounting to many kilograms, 
it is conceivable that mutants would arise in profusion, 
The six isolates from the Altamaha River (table 1), 
comprising four different types with respect to medium 
supplements, give some support to this idea. As a 
counterbalancing effect, the survival of the mutants 
in nature would be conditioned by the general stream 
environment and by a variety of microenvironments 
within a stream. Thus, the possibility exists that the 
properties of the slime masses may vary with geog- 
raphy, types of pollution, climatic conditions, starva- 
tion, and other factors. Whether such adjustments 
involve major or minor physiological characteristics, 
and how they would be reflected by the ability to grow 
on artificial culture media, is, as yet, unknown. It 
would be of practical interest, for reasons of possible 
control, to know how similar or different are the Sphae- 
rotilus populations of different streams. The culture 
media used for the conventional methods of batch lot 
cultivation, such as those used for this work, have little 
relation to the environmental conditions of a stream, 
especially with respect to concentration and types of 
nutrients. Whether such media can be relied upon to 
grow bacteria physiologically typical of those in the 
slime is also unknown. In many stream specimens, 
the low yield of Sphaerotilus colonies, when Sphaerotilus 
was microscopically the predominant, or at least the 
most conspicuous, organism, was a matter of concern. 
This low yield was not due entirely to unsuitable cul 
ture media, because there have been samples in which 
the viability of Sphaerotilus in stream slimes has been 
greatly reduced without obvious visible deterioration 
of the slime. 

Additional comparative studies should be made when 
more strains become available to assess the validity of 
species and physiological variants. This does not neces- 
sarily imply that we take issue with Pringsheim’s 
concept of the biotypes Sphaerotilus, Leptothrix, and 
Cladothrix, but rather, that within these classes there 
may exist many genotypes differing from the average 
properties of natural growths and from each other in 
important fundamental and practical features. 

Lyophilization was resorted to as a means of con- 
venient preservation of the cultures against loss and to 
diminish artificial selection of variants. Four suspending 
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media were tested: sterile horse serum, 20 per cent 
aqueous suspension of dried skim milk powder, nu- 
trient broth with 1 per cent glucose, and 8 per cent of 
gelatin. The first attempts were made with a healthy 
slime from a river infestation. A separate portion of the 
sime was frozen-dried without suspending medium; 
other portions consisted of equal volumes of slime mixed 
with each of the other suspending media. When tested 
for viability 2 days and 14 days later, only the samples 
from 8 per cent gelatin failed to produce Sphaerotilus 
eolonies on CGY agar. Double-strength skim milk has 
been used routinely as the suspension medium for pure 
cultures. All cultures were tested at the end of the 18- 
month period which began with lyophilization and 
were found to be viable. 

Righteen lyophilized specimens of these strains have 
been deposited in the American Type Culture Collec- 
tion. A list of these cultures and their origins is given 
in table 1. 
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SUMMARY 


Methods for the isolation of pure cultures of Spha- 
erotilus from slime infestations of streams and from 
activated sludge have been described. 

Twenty-five strains were isolated by the methods 
described. Agar containing 1.3 to 2.5 g per L of en- 
zymatically digested casein was best for isolation. The 
cultures grew well and were maintained with semian- 
nual transfers in a medium containing enzymatic casein 
digest, glycerol, and yeast autolysate. Cultures were 
preserved by lyophilization after growth in the same 
medium. 

Many of the isolated strains were capable of growing 
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in a defined medium containing glycerol, glutamic 
acid, and salts. 

A primary selective medium for Sphaerotilus was 
not achieved by the incorporation of inhibitors in 
culture media, but interference by associated organisms 
was lessened by reducing the concentration of nutrients. 

The characteristics which distinguish Sphaerotilus 
from sporeformers of similar appearance and growth 
habit have been described. 
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The occurrence of outbreaks or epidemics caused by 
coagulase-positive Staphylococcus aureus strains has 
increased greatly during the past few years. Most out- 
breaks have been the results of the transmission of cer- 
tain strains of S. aureus directly from person to person 
and indirectly through fomites and animals. Since meat 
is the largest single item of the American diet and since 
it is known to harbor rather large numbers of bacteria, 
it could conceivably serve as an indirect means of trans- 
mitting these potentially pathogenic strains. It would 
be interesting to know, therefore, whether the numbers 
of coagulase-positive staphylococci in certain market 
meats are sufficient to possibly incriminate meats in the 
spread of these strains, especially those meats which 
are commonly eaten in various degrees of doneness such 
as hamburger, beef steaks, and liver. 

The literature appears to be totally wanting in reports 
on the numbers of coagulase-positive S. awreus in such 
meats. The study of Brewer (1925) appears to be the 
closest related one extant. In an analysis of various 
market meats including hamburger and beef liver he 
reported finding numbers of cocci other than strepto- 
cocci in these two meats, but it is not certain as to 
whether any of these cocci were coagulase positive, as 
coagulase results were not reported. 

Several investigators have reported quantitative data 
on coagulase-positive staphylococci in precooked frozen 
meals. Among them are Canale-Parola and Ordal (1957) 
and Kereluk and Gunderson (1959). Of 40 frozen meat 
pies examined by the former authors, 37 contained 
coagulase-positive staphylococci ranging from 150 to 
390,000 per g. Kereluk and Gunderson record somewhat 
lower counts in their study of 188 such pies. Counts 
ranging from 10 to 30,006 per g were found in 134 of the 
188 pies. 

The numbers of coagulase-positive staphylococci in 
four market meats as determined on three media, their 
relationship to the total counts on other media, their 
comparative incidence in prepackaged meats, their 
physiological properties, and their possible source and 
public health significance are reported. 


1 This study was supported by research grant E-3089 from 
the National Institutes of Health, U.S. Public Health Service. 


MATERIALS AND MeEtTHops 

Twenty-eight retail grocery stores and meat markets 
representing approximately 10 per cent of all such stores 
in the Baton Rouge, Louisiana, city area were selected, 
Average size purchases of hamburger, round steak, beef 
or calf liver, and pork chops were made and treated as 
follows on the day of purchase. Fifty grams of each 
meat were taken primarily from the surface using 
sterile forceps and blades, placed in sterile Waring 
Blendors, and homogenized for 2 min with sterile 
saline. Dilution plate counts were made using tryptone 
glucose extract (TGE) agar.2 Aliquots (0.1 ml) of the 
homogenates were plated in dilution on the surfaces 
of phenol red mannitol salt agar, tellurite-glycine (TG) 
agar,” and staphylococcus medium no. 110 fortified with 
egg yolk (EY) prepared according to Herman and 
Morelli (1960). 

Bent glass rods were used to spread the material over 
the surfaces of the media. Mannitol salt agar and TG 
agar plates were enumerated after 24 hr incubation at 
37 C. The EY agar plates were examined after 48 hr 
at 37 C and the TGE agar plates after 72 hr also at 
37 C. 

On mannitol salt agar suspect coagulase-positive S 
aureus colonies were those which produced a yellow 
zone, on TG agar those which were solid black, and on 
EY agar those which produced a circular zone of 
precipitation. 

The coagulase test was performed using brain heart 
infusion agar slant cultures with Bacto-coagulase 
plasma. The results were taken after 3 hr incubation in 
water bath at 37 C. Pigmentation and gelatinase 
production were determined after 48 hr at 30 C on 
nutrient agar with 0.4 per cent nutrient gelatin added. 
Hemolysis was determined on 5 per cent human blood 
agar and mannitol fermentation in mannitol broth, 
both at 37 C. 


RESULTS 
The total numbers of coagulase-positive staphylococci 
recovered from the meats are given in table 1. On TG 


agar the counts ranged from 0 to 7400 per g and from 0 
to 15,000 on EY agar. On mannitol salt agar, the suspect 


2 Difco Laboratories, Inc., Detroit, Michigan. 
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media from 28 markets 


Tellurite 


Glycine 
Agart 


4,100 
0 
350 
0 


2,000 
50 
4,200 
500 


500 
0 
50 
200 


500 
0 
0 
350 


1,900 
7,400 
550 
0 


350 
200 
750 

50 


350 
1,100 
100 

0 


100 

0 

0 

150 
4,600 
250 
1,600 
300 


2,100 


Egg Yolk 
Agart 


150 
50 
100 
50 


0 
100 
0 
250 
50 
0 
0 
100 


0 
0 
0 
0 


50 
0 
0 
0 


0 
0 
50 
0 


, 600 
15,000 

0 
300 


200 
0 
50 
400 


200 
0 
0 
0 


0 
0 
0 
0 


150 
500 
50 


, 900 
0 
0 
0 


,400 
200 
50 
0 


50 
50 

0 
50 


TABLE 1 


overy of coagulase-positive staphylococci in various = 


TABLE 1—Continued 


<a | Tellurite- 





en Mannitol Salt Agart 
Market* Glyci oS 
Mannitol Salt Agart sie peony Agart i ; 
Winter Summer 
Winter Summer a e 2 
15 A 5,800 0 50,000 230 ,000 
130,000 35,000 : ; Be : ~~ —— 
1,400 200 a | ee 
10,000 900 16 A 800 0 100,000 500,000 
5,500 0 B 0 50 0 1,800 
pa : = ; 5 5 600 ,000 ye 
73,000) 15,0 .| 2] a 
110,000 400 Rh; a ee 
30,000 500 17 A 0 100 180,000 75,000 
2,000 1,400 B 0 0 150 50 
: 5 550 25 
30,000 120 ,000 “6 ' po a 
100 ,000 250 ee, 3 Ge Pa ; 
1,900 5,000 18 A 0 0 65,000 85,000 
2,900 650 B 650 
ahaa ) 0 15 200 300 
35,000 50,000 ; - a) at ree 
1,300 0 19 A 0 0 200,000 500 
450 10,000 Cc 150 500 0 500 
750 330,000 D 50 0 0 55,000 
25,000 75,000 20 A 250 0 2,400 0 
0 20 ,000 B 0 350 0 0 
100 ,000 35,000 C 250 100 7,000 350 
1,500 250 D 0 0 500 0 
25,000 35,000 21 A 500 0 50,000 150,000 
9 ,000 15,000 B 0 0 150 25,000 
15,000 500 C 0 150 750 1,400 
30 5,000 D 150 0 700 30,000 
12,000 85,000 22 A 750 0 0 1,100 
1,800 220 ,000 B 0 50 : 150 
4,000 1,500 Cc 0 0 250 
1,600 950 D 100 0 | 100 
40 ,000 450 ,000 23 A 0 50 35,000 35,000 
900 20,000 B 0 0 150 500 
850 c 100 0 0 60,000 
200 ,000 D 0 0 0 40 ,000 
50,000 10,000 24 A 2,600 350 2,000 100 ,000 
3,000 0 B 0 0 50 0 
350 0 c 0 100 1,200 100 
500 0 D 1,900 0 50 50,000 
25,000 530 ,000 25 A 1,500 2,000 700 50,000 
5,500 400 B 3,000 0 20,000 
65 - 15,000 C 50 0 400 0 
140 1,000 D 500 0 100 200 
15,000 50,000 26 A 450 0 1,500 1,000 
700 10,000 B 50 0 d 50 
0 300 C 0 0 0 
es ) j 5 200 100 
15,000 15,000 se , - Pe wal 28 
0 50 27 C 0 0 400 450 
0 0 Be | 0 0 100 50,000 
0 150 : | : ; ; 
—-— 28 A 1,100 0 2,000 75,000 
25,000 350 ,000 B 200 650 1,700 2,300 
100 6,000 Cc 150 50 700 1,500 
400 10,000 D 150 0 6,000 300 
350 750 . 
70.000 : 25.000 7 * A = hamburger, B = round steak, C = beef or calf liver, 
3.400 400 D = pork chops. 
1.200 400 t Made during summer months. 
25,000 0 t Suspect Staphylococcus aureus counts. 


— = No data. 


Tellurite-Glycine Agar 


Meat No. of No. 
isolates coagulase Per cent 
tested positive 
Hamburger 52 1 1.9 
Round steak 23 10 43.5 
Beef liver : 29 0 0 
Pork chops...... 37 3 8.1 
Totals.. a . 141 14 
TABLE 3 
Number of coagulase-positive isolates from the 7 
stores with prepackaged meats* 
Tellurite- . . ; 
2 Egg Yolk Mannitol on 
Meat — , Reag Salt faoe Totals 
Hamburger 0 8 1 9 
Round steak 0 0 0 0 
Beef liver 0 1 2 3 
Pork chops 1 1 1 3 


* Store nos. 3 4, 9, 10, 12, 23, and 24. 

S. aureus counts made during the winter ranged from 
0 to 600,000 and during the summer from 0 to 530,000 
per g. The EY agar counts are significantly lower than 
the TG agar counts, whereas the mannitol salt counts 
for winter and summer are about equal. In general, 
the highest counts were obtained from hamburger and 
the lowest from pork chops on all media. 

The number and per cent of colonies from TG and 
EY agar plates tested and found positive are indicated 
in table 2. Of 141 isolates from TG agar coagulase 
tested, only 14 or 10 per cent were coagulase positive. 
The largest number of positive isolates from any one 
meat on this medium was recovered from round steak, 
10 out of 23 or 43.5 per cent. From EY agar, 95 isolates 
were coagulase tested and 80 or 84 per cent were found 
to be coagulase positive. 

Quantitative data are not available on the per cent 
of colonies from mannitol salt agar coagulase tested 
and found positive, but the number of isolates from 
this medium are given also in table 2. These isolates 
were made from the winter counts. A total of 136 isolates 
were recovered from the three media for further study, 
31 from hamburger, 38 from round steak, 34 from liver, 
and 33 from pork chops. 

Seven of the 28 stores carried prepackaged or pre- 
wrapped meats. There were also large chain stores. The 
number of coagulase-positive isolates obtained from 
these stores is indicated in table 3. Nine were obtained 
from hamburger, 3 from beef liver, 3 from pork chops, 
and none from round steak—a total of 15. From this 25 
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TABLE 2 


Number and per cent of suspect coagulase-positive isolates tested and found positive 
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Egg Yolk Agar Mannitol Salt Agar 
7 : c Tots! No 
oagul Posi 
No. of No. N : : Isolat — 
isolates coagulase Per cent No. of coagulase- Media 
toutes positive positive isolates i 
30 25 83.3 5 | 
23 21 91.3 7 8 
22 18 81.8 16 | 
20 16 80.0 14 ) 
95 80 42 136 


TABLE 4 
and per cent of markets yielding coagulase-positiy 
staphylococci* 


Number 


7 Markets with 


All 28 Markets 
larkets Prepackaged Meats 









Meat 
No. Per cent No. Per cent 
Hamburger 16 57.0 4 57.0 
Round steak 11 39.5 0 0 
Beef liver 15 54.0 2 28.5 
Pork chop 14 50.0 2 28.5 


* On all three selective media. 


per cent of the stores, only 11 per cent of the 136 isolates 
were obtained. 

The number and per cent of the 28 stores from which 
coagulase-positive isolates were obtained are shown in 
table 4. Approximately 50 per cent of the 28 stores 
yielded these strains, whereas only about 29 per cent of 
the 7 stores with prepackaged meats yielded the same. 
It can be seen again that no isolates were obtained from 
the prepackaged steak. 

In an effort to see if a relationship existed between 
the numbers of suspect coagulase-positive organisms 
on the EY medium and the total numbers on mannitol 
salt agar and the EY medium itself, the ratios of these 
counts are given in table 5. Using the mannitol salt 
counts these values ranged from 0.1 per cent from 
hamburger to 4.15 per cent for steak, and averaged 1.24 
per cent for all four meats. These values are based on 
the 28 stores. Using the EY agar counts, these values 
ranged from 0.017 for liver to 0.61 for steak and aver- 
aged 0.19 per cent. In other words, according to these 
data 1.24 per cent of the total mannitol salt count was 
represented by suspect coagulase-positive S. aureus and 
only approximately 0.2 per cent of the total count on 
EY agar was represented by the same. 

The characteristics of the 136 isolates are not unlike 
those of coagulase-positive staphylococci isolated from 
other sources (table 6). One hundred and thirty-three 
were golden and only 3 white in pigmentation; 134 pro- 
duced gelatinase, 2 did not; all produced B-hemolysis on 
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human blood agar; all fermented mannitol, and 134 
caused precipitation on EY agar, 2 did not. 


DISCUSSION 


The numbers of coagulase-positive S. aureus found 
in these meats would appear to be low in view of 
commonly held beliefs regarding the incidence of these 
strains. This finding is in agreement with that of Zebo- 
vitz, Evans, and Niven (1955) regarding the scarcity of 
these strains in food products, although these authors 
did not state what foods they examined. On the other 
hand, large numbers appear to exist in precooked frozen 
meat pies as reported by Canale-Parola and Ordal 
(1957) and by Kereluk and Gunderson (1959). This 
problem in part appears to revolve around the various 
means of enumerating coagulase-positive staphylococci 
in food products. 

Canale-Parola and Ordal employed the use of TG 


TABLE 5 
Per cent coagulase-positive staphylococci of total 
bacterial counts 
Per Cent Coagulase- 


positive Staphylo- 
coccus aureus of: 


Total Counts on: 


Meat _ 
I'ryptone 
glucose Mannitol | Egg yolk | Mannitol | Total egg 
extract salt agar* agar Salt yolk agar 
agar* « 1000) | (xX 1000) countt countt 
(X 1000) 
Hamburger 36,000 570 2,100 0.10 0.028 
Round steak 960 4] 280 4.15 0.61 
Beef liver 410,000 85 640 0.13 0.017 
Pork chop. 930 50 270 0.56 0.10 
Avg .24 0.19 


* From 56 markets (28 visited winter and summer). 

+ Ratio of the averaged egg yolk counts in table 1 to column 
2 of this table. 

t Ratio of the averaged egg yolk counts in table 1 to column 
3 of this table. 


TABLE 6 


Biochemical properties of the coagulase-positive isolates 


Property No. of Isolates 


Pigmentation: 


Golden....... 133 

White. . 3 
Gelatinase: 

Positive 134 

Negative..... 2 
8-Hemolysis: 

Positive. 136 
Mannitol fermentation: 

Positive... , 136 
Zone on egg yolk agar: 

Positive....... 134 

Negative....... Pate 7 


* From mannitol salt agar plates. 
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agar in their determinations and Kereluk and Gunder- 
son employed mannitol salt agar. The present findings 
(table 2) indicate that less than 10 per cent of the 
suspect colonies on TG agar were found to be coagulase 
positive. The success which Canale-Parola and Ordal 
and which Zebovitz et al. had with this medium was not 
achieved in this study. The reason for this is not clear. 
Zebovitz ct al. pointed out that this medium does 
partially inhibit some coagulase-positive strains. Re- 
cently, Moore and Nelson (1960) were able to recover 
less than 10 per cent of coagulase-positive staphylo- 
cocci inoculated onto a certain commercial preparation 
of this medium. 

The egg yolk agar was clearly the best of the selective 
media used although probably not all coagulase-positive 
strains produced a halo or precipitation on it. Eighty- 
four per cent of the suspect isolates tested from this 
medium were coagulase positive. This finding agrees 
with that of Herman and Morelli (1960), Carter, 
Leininger, and Surkiewicz (1960), and Carter (1960). 

The finding that prepackaged meats had fewer coagu- 
lase-positive staphylococci supports a finding by Rogers 
and McCleskey (1957) who showed that bacterial 
counts on hamburger were lower when purchased from 
the larger markets than when purchased from the 
smaller ones. The prepackaged meats were obtained 
from large chain stores. Whether the low numbers were 
a reflection of the prepackaging which reduces the 
changes of subsequent contamination, or of the fact 
that the chain stores kept available fresher meats is 
not clear. Both factors no doubt come into play. The 
absence of coagulase-positive organisms on the pre- 
packaged round steaks could possibly be explained by 
the fact that the cuts are usually made from larger, 
solid rounds which are not exposed internally until 
cuts are made. The steaks are then packaged. The fact 
that the surface area is not as great as, for example, 
that of hamburger is probably a factor also. Fewer of 
the markets with open and exposed meats yielded 
coagulase-positive S. aureus on round steak than on 
any of the other meats. Despite this fact the highest 

ratios of S. aureus to total numbers on EY and mannitol 

salt agars were found on the steaks (table 5). 

The data in table 5 do not appear to indicate a 
consistant relationship between total counts on the 
various media and the actual numbers of coagulase- 
positive staphylococci. According to this data, 1.24 per 
cent of the mannitol salt agar counts and 0.19 per cent 
of the total egg yolk agar counts represent coagulase- 
positive staphylococci. Most of the meat samples 
which did not yield coagulase-positive isolates in most 
every case showed counts on both of these media. The 
larger number of organisms on the egg yolk medium is 
no doubt the results of the growth enhancement of 
the egg yolk itself and also the result of a longer period 
of incubation than the mannitol salt agar. 
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The source of the coagulase-positive organisms in and 
on these meats is uncertain. Richou ed al. (1959) believe 
that pathogenic staphylococci found in meats come 
from the persons handling them. The biochemical 
properties of these isolates appear to be typical of those 
of human origin although further study is necessary 
before a differentiation can be made. Micrococci and 
staphylococci have been isolated from the deep tissues 
of beef where they probably emanate from lymph nodes 
and invade the tissues (Lepovetsky, Weiser, and Dea- 
therage, 1953; Jay, Weiser, and Deatherage, 1956). 
These organisms then appear in the beef cuts. Further 
study of these strains is necessary before any definite 
conclusions can be drawn. 

It is doubtful whether the incidence of these organ- 
isms in these meats was such as to contribute to their 
spread from the meats to the purchasers. On the basis 
of the total counts on TGE agar and using the averaged 
values from EY agar as the numbers of coagulase-posi- 
tive organisms present, one such organism existed for 
every 3300 of the total count on pork chops and only 
one for every 62,000 in hamburger. 
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SUMMARY 


Of 28 retail grocery stores and meat markets, 16 
yielded coagulase-positive strains of Staphylococcus 
aureus in hamburger, 11 on round steak, 15 in beef liver, 
and 14 on pork chops. A total of 136 isolates were ob- 
tained from the above meats (31, 38, 34, and 33, re- 
spectively). Of three primary isolation media used, 
tellurite-glycine agar, mannitol salt agar, and staphy- 
lococeus medium no. 110 fortified with egg yolk, the 
latter medium was the most effective. Eighty-four per 
cent of the suspect coagulase-positive colonies from 
this medium were coagulase positive, whereas only 10 
per cent of the suspect coagulase-positive colonies on 
tellurite-glycine agar were positive Significantly fewer 
coagulase-positive organisms were found in prepackaged 
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meats from chain stores than in open meats. ssible 
reasons for this are discussed. A direct rels ship 
between total counts and coagulase-positive co ‘nts on 
the various selective media apparently did no exist, 
The biochemical characteristics of the isolates ; ivesti- 
gated were typical of such staphylococci isolated from 
other sources. The possible source of these orgaiiisms in 


the meats is discussed. 
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The technique of continuous cultivation of micro- 
organisms is in many respects superior to the traditional 
cultivation methods, and has therefore been used for 
many purposes. One of its great advantages over classi- 
eal methods is the possibility of holding a growing 
population at constant size over long periods of time. 
Another advantage lies in the fact that the concentra- 
tion of all chemical substances in the cultivation vessel 
remains constant. 

The theoretical basis for the continuous cultivation 
has been elaborated only recently, simultaneously by 
Monod (1950), and Novick and Szilard (1950), although 
the technique itself had been used before the solution of 
some theoretical and practical problems (Rogers and 
Whittier, 1930; Cleary, Beard, and Clifton, 1935; 
Malek, 1943). Since that time, the theory has been 
further developed by a number of authors in some 
special questions. Most of the published work is con- 
cerned with the growth of bacteria in continuous 
culture, but the growth of yeasts, actinomycetes, algae, 
flagellata, and animal cells has been studied as well. 
Although lately a number of papers concerned with the 
continuous cultivation of actinomycetes have been 
published (Brown, 1959; Bartlett and Gerhardt, 1959; 
Sikyta, Doskoéil, and KaSparova, 1959), it seems that 
an exact measuring of the growth of actinomycetes 
under various steady states has not so far been under- 
taken. 

It has been the aim of the present work to study the 
behaviour of the actinomycete Streptomyces aureofaciens 
as a representative of filamentous organisms, under 
exactly defined conditions of continuous growth, while 
using two nutrients as limiting factors, and to find out 
to what extent this behaviour is in accordance with the 
theory of continuous cultivation. 


MATERIALS AND METHODS 


Organism. S. aureofaciens strain BMI from the 
the Antibiotics Research Institute in 
Roztoky near Prague was used. 

Medium. The composition of the synthetic fermenta- 
tion medium was as follows: sucrose, 2 per cent; ammo- 
nium sulphate, 0.5 per cent; potassium phosphate 
monobasic, 0.68 per-cent; sodium hydroxide, 0.125 per 
cent; magnesium sulphate heptahydrate, 0.05 per cent; 


collection of 


All symbols used in this work were taken from the paper 
of Herbert Elsworth, and Telling (1956). 


sodium chloride, 0.2 per cent. The individual compo- 
nents of the medium were dissolved in distilled water 
and the medium was sterilized in a sterilization tank 
with mixing at 120 C for 20 min. After sterilization, the 
pH was 6.8 to 7.0. In this medium either sucrose (0.2 
or 0.4 per cent) or ammonium sulphate (0.05 or 0.1 per 
cent) were used as growth limiting factors, the other 
components being present in excess. 

Continuous culture apparatus. The equipment for the 
continuous cultivation consisted of (a) a tank of 100-L 
working capacity in which the nutrient medium was 
prepared and sterilized; (b) a smaller tank of 20-L 
working capacity which was used for storing the nu- 
trient medium while another batch of the medium was 
being prepared in the sterilization tank; and (c) a 
fermentor which was of a design described in detail by 
Sikyta et al. (1958). This fermentor has an internal 
diameter of 24 em. and a height of 49 em; the working 
capacity is 10 L. It is equipped with an open-turbine- 
type agitator (six flat blades with a diameter of 12 em), 
a sparger and four baffles. The agitating velocity was 
400 rpm, the air flow 0.5 volume per volume of culture 
per min. The oxygen transfer rate, determined by the 
method of Cooper, Fernstrom, and Miller (1944) was 
1.5 ml Oy per ml per hr. The feed-rate of the medium 
into the fermentor was adjusted by means of a peristal- 
tic pump and the level of the culture fluid in the vessel 
was maintained constant by an overflow tube. The 
fermented medium was collected in a collector. In all 
experiments described in this paper, the temperature in 
the culture vessel was 28 C. 

The sterile synthetic medium in the fermentor was 
invariably inoculated with 50 ml of a 24-hr-old inocu- 
lum, grown in flasks on a reciprocal shaking machine. 
The synthetic medium was used as inoculating medium 
in the flasks with the addition of 0.1 per cent corn steep 
liquor (solids); it had been demonstrated that experi- 
ments run in tanks inoculated with an inoculum grown 
in a synthetic medium without corn steep did not 
furnish reproducible results. 

Analytical methods. Samples were taken every 3 hr 
and tested for pH value and dry weight of the myce- 
lium; samples were tested every 6 hr for ammonia- 
nitrogen content and sucrose concentration, and the 
chlortetracycline content assayed _ biologically 
according to Hess (1955); the purity of the microbial 


was 


species was examined in a sample taken every 12 hr. In 
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some cases, the amino-nitrogen content (Schroeder, 
Kay, and Mills, 1950) of the medium and the nitrogen 
in the dry weight of the mycelium was determined. 

For analytical assays 100 ml of the sample were with- 
drawn to flasks containing 1 ml of a 50 per cent solution 
of mercuric chloride. 


RESULTS 

Growth in batch culture. To insure that the limiting 
substrate used was in fact the only limiting substrate, 
experiments were run in fermentors using a synthetic 
medium with the following concentrations of sucrose: 
0, 0.2, and 0.4 per cent, and the following concentrations 
of ammonium sulphate: 0, 0.05, and 0.1 per cent. When 
zero concentrations of the limiting substrates were 
used, no growth occurred; with the remaining concen- 
trations the termination of the logarithmic phase (in 
fact, practically the termination of growth altogether, 
for the logarithmic phases ended rather abruptly) cor- 
responded well with the complete depletion of the 
limiting factor. 

The values of the dry weight of mycelium, obtained 
at 3-hr intervals, were used for determining the maxi- 
mal growth rate (y,,).! For the logarithmic phases of 
the growth curves (natural logarithms of the dry weight 
of mycelium plotted against time) which took in indi- 
vidual experiments 15 to 21 hr, the slopes of the straight 
lines were determined by calculating their regression 
coefficients; this was done for both concentrations of 
the two limiting factors. 

From the values obtained, the average value of the 
slope, 0.18, was calculated, 7.e., the average value of 
the maximal, attainable growth rate of the strain S. 
aureofaciens in the synthetic medium used. This value 
determines at the same time the maximal, theoretical 
dilution rate, which can be used for the cultivation of 
this microorganism without having it washed out from 
cultivation vessel. 

Growth in continuous culture. The experiments were 
performed by allowing the cultivation (after inoculating 
the nutrient broth in the tank) to proceed batchwise 
until a concentration of the organisms reached 80 to 90 
per cent of the expected value. This concentration 
usually takes place between 18 to 24 hr. Using lower 
dilution rates (lower than 0.08 hr~') the steady state 
became settled after exchanging approximately one 
volume of the nutrient broth; whereas, using dilution 
rates over 0.08 hr~, the steady-state was achieved after 
exchanging approximately two volumes of the nutrient 
broth in the fermentor. Therefore, measurements were 
performed only after exchanging the respective vol- 
umes. We proceeded in this way not only when starting 
the first run of an experiment, but also when changing 
one steady state for another, 7.e., when alternating 
between a higher and a lower dilution rate. The actual 
measuring of the values at a given dilution rate were 
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performed for a period of 27 to 65 hr, after \ ich the 
dilution rate was changed. This was continued intil an 
increase occurred in the dry weight of the m. celium, 
due to growth of the microorganisms on the wa. s of the 
vessel, or until contamination by another mic: vorgap- 
ism or some mechanical defect made it nece-sary to 
interrupt the experiment. 

The dry weight of mycelium remained at . given 
dilution rate (and within the margin of exper mental 
error) constant for the entire duration of the me: suring, 
As growth limiting factors, sucrose in 0.2 and 0.4 per 
cent concentration and ammonium sulphate in 0.05 
and 0.1 per cent concentration were used. 

Sucrose limitation. It can be seen from figures | and 2 


that the values of the dry weight of mycelium remain 
constant within a certain range of dilution rate (D = 
0.052 to 0.17 hr~'). When the Dy value is exceeded, a 
decrease of the dry weight of mycelium takes place. 
Complete washing out of the organisms occurs at a dilu- 
tion rate about 0.2 hr~', this value, obtained by extra- 
polation, is denoted Dz, in the figure. A drop in the dry 
weight of mycelium was observed even at dilution rates 
lower than 0.052 hr. The nitrogen content in the dry 
weight of the mycelium is approximately constant at all 
dilution rates examined, about 11.5 per cent (figure 3). 
The output of the dry weight of mycelium increases 
with increasing dilution rate up to Dy, after which it 
drops abruptly. In the range of dilution rates, 0.02 to 
0.052 hr~', the output is smaller in accordance with the 
lower weight of dry mycelium. The yield constant has a 
constant value 0.43 in the range of dilution rates, 0.652 
to 0.17 hr~; at dilution rates below 0.052 hr~! and above 
0.17 hr~', it decreases (figure 4). The substrate concen- 
tration is practically nil up to the dilution rate 0.17 
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Dilution rafe 
Figure 1. Steady-state relationships in continuous culture 
of Streptomyces aureofaciens using sucrose as the limiting 
factor in the inflowing medium. Media: 0.4 per cent sucrose and 
(@) dry weight mycelium, (©) sucrose concentration, (©) out- 
put of dry weight mycelium; 0.2 per cent sucrose and (A) dr 
weight mycelium, (A) sucrose concentration, (A) output of 
dry weight mycelium. 
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hr, whereupon the substrate begins to appear in the 
medium. 

Very interesting is the correlation between the pro- 
duction of the antibiotic and the dilution rate (figure 2). 
At low dilution rates (lower than about 0.05 hr) no 
antibiotic is produced. At higher dilution rates (over 
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Figure 2. Steady-state relationships in continuous culture 
of Streptomyces aureofaciens using sucrose as the limiting 
factor in the inflowing medium. Media: 0.4 per cent sucrose and 
(@) chlortetracycline concentration, (O) chlortetracycline/dry 
weight mycelium, (©) output of chlortetracycline; 0.2 per cent 
sucrose and (A) chlortetracyecline concentration, (A) chlorte- 
tracycline/dry weight mycelium, (A) output of chlortetracy- 
cline. 
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Figure 3. The influence of the type of limiting factor used 


+ on the N content in the dry weight of mycelium at different 


dilution rates. 
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Figure 4. Relationship between the yield constant values 
and dilution rate in sucrose limitation. 


CONTINUOUS CULTURE OF S. 


AUREOFACIENS 235 
0.052 hr- up to Dy), the concentration of the antibiotic 
in the broth is held at a constant value. Because the 
dry weight of mycelium (in the said range of dilution 
rate) remains constant as well, the ratio chlortetra- 
cycline to 1 g dry weight of mycelium is also constant. 
At higher values of dilution rates (when D = 0.17 hr“ 

is exceeded) the content of the antibiotic in the nutrient 

broth varies considerably and is therefore not listed in 

the figures. 

Similar to the production of the antibiotic, the 
production of yellow pigments is also dependent on the 
dilution rate. Exact determinations of their concentra- 
tion, e.g. colorimetric, would be rather difficult: when 
attempts were made to isolate them, they were shown 
to be composed of a complex of a least 6 compounds 
of different colors (unpublished experiments); there- 
fore, these pigments were merely estimated by visual 
observation. At those dilution rates where no antibiotie 
is produced, pigments are not excreted to the medium, 
and the medium is whitish. At dilution rates above 0.05 
hr-', excretion of pigments to the medium starts 
simultaneously with the production of the antibiotic, 
and the medium becomes yellow. Strong pigmentation 
of the medium and mycelium occurs at dilution rates 
higher than 0.08 hr. It follows from these observa- 
tions that there is a close relationship between the 
production of the antibiotic and that of the pigments. A 
nonpigmented mycelium, producing no antibiotic, ap- 
pears at dilution rates lower than 0.05 hr~ after 46 to 80 
hr of continuous growth. The time necessary for this 
depends on the dilution rate in such a way, ¢.g., with a 
diminishing value of the dilution rate that the time 
necessary for the disappearance of the antibiotic and 
pigments at both concentrations of the limiting factors 
grows shorter. 

When the dilution rate is altered repeatedly during 
one single run, the nonpigmenting mycelium grown at 
a dilution rate lower than 0.05 hr~ is found to start 
producing the pigments on increasing the dilution rate 
over 0.05 hr-', and the production of the pigments 
ceases again upon decreasing the dilution rate below 
0.05 hr~; for that reason the process may be assumed to 
be reversible. Simultaneously with these changes ‘in 
pigmentation the concentration of the antibiotic 
changes correspondingly. 

These observations apply to both concentrations of 
the limiting substrate. 

Ammonium sulphate limitation. Figures 5 and 6 sum- 
marize the results obtained during continuous growth 
of a culture of S. aureofaciens on a synthetic medium 
with the limiting concentrations of 0.05 and 0.1 per 
cent of ammonium sulphate. The relationship between 
the values of the dry weight of mycelium and the 
dilution rate (figure 5) is the same as in similar experi- 
ments with sucrose limitation. At very low dilution 
rates, the values of the dry weight of mycelium decrease 
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for both concentrations of ammonium sulphate used. 
The shape of the output curve of the dry weight of 
mycelium is analogous to sucrose limitation. The nitro- 
gen content in the dry weight of mycelium (figure 3) 
decreases at lower dilution rates from an average value 
of 11 per cent to as low as 8 to 9 per cent. This decrease, 
and also a generally lower nitrogen content in the dry 
weight of mycelium grown at all dilution rates used, 
differentiates the ammonium sulphate limitation from 
sucrose limitation. The substrate first appears at the 
dilution rate 0.16 hr~', 7.e., somewhat sooner than is 
the case with sucrose being used as the limiting factor. 
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Figure 5. Steady-state relationships in continuous culture 
of Streptomyces aureofaciens using (NH,)2SO; as the limiting 
factor in the inflowing medium. Media: 0.1 per cent (NH4)2SO, 
and (@) dry weight mycelium, (O) NH3;-N concentration, (©) 
output of dry weight mycelium; 0.05 per cent (NH,)oSO, and 
(A) dry weight mycelium, (A) NH;-N concentration, (A) out- 
put of dry weight mycelium. 
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Figure 6. Steady-state relationships in continuous culture 
of Streptomyces aureofaciens using (NH4)oSO,4 as the limiting 
factor in the inflowing medium. Media: 0.1 per cent (NH,4)2SO4 
and (@) chlortetracycline concentration; (O) chlortetracy- 
cline/dry weight mycelium, (©) output of chlortetracycline; 
0.05 per cent (NH,)2SO; and (A) chlortetracycline concentra- 
tion, (A) chlortetracycline/dry weight mycelium, (A) output 
of chlortetracycline. 
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The dry weight of mycelium was proportion | to the 
concentration of the limiting substrate in the fi -d 


Principally, the ammonium sulphate limitati 1 differs 


from sucrose limitation in antibiotic and pigmen 
formation. With nitrogen limitation, both the sitibiotic 
and the pigments are produced even at very lo dilution 


rates (figure 6). It is possible that at still lowe: dilution 
rates (slower than 0.02 hr~', which was the low est dily- 
tion rate used) the antibiotic and the pigments would 
disappear, but this could not be verified for technica 
reasons. At any rate, the loss of the ability to produce 
the antibiotic and the pigments is, with nitrogen limita. 
tion, shifted to extremely low values of dilution rates. 
In trial experiments run at the dilution rate 0.022 hr. 
the production of the antibiotic and the pigments did 
not stop even after 150 hr of growth. With nitrogen 
limitation, the amount of the antibiotic produced js 
somewhat less than with sucrose limitation, although 
the values of the dry weight of mycelium are higher with 
nitrogen limitation than in corresponding runs with 
sucrose limitation. This is why the total output of the 
antibiotic and the amount of antibiotic per unit of the 
dry weight of mycelium is lower, as compared with 
sucrose limitation. 
Discussion 
Comparison of Behaviour of Filamentous with 


Nonfilamentous Organisms in Continuous 
Culture 


The theory of continuous cultivation, elaborated by 
Monod (1950) and Novick and Szilard (1950), was 
extensively verified, especially by Herbert, Elsworth, 
and Telling (1956), for nonfilamentous organisms. As 
it has not been so far ascertained exactly to what 
extent the behaviour of filamentous organisms in 
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continuous culture is in agreement with the laws derived 
for nonfilamentous organisms, we tried to verify this 
theory for filamentous organisms. 


rom the curves in figures 1, 4, and 5, it can be seen | 


that S. aureofaciens behaves in continuous culture in 


accordance with assumptions derived by Monod, except | 
for the decrease of dry weight of mycelium at low dilu- 


tion rates and at those which are higher than a maximal 


growth rate. These variations are of the same character 
as those of nonfilamentous microorganisms and. the | 


possible cause shall be discussed later. According to the 
theory of the continuous cultivation, the behaviour ol 
organisms in continuous culture with substrate limita- 
tion is characterized by three constants: the maximal 
growth rate (u,,), the yield constant (Y), and the satura- 
tion constant (K,). 

Maximal growth rate (u»,). The maximal growth rate ol 
S. aureofaciens in batch cultivation is about 0.18 hr“, 
irrespective of the type or concentration of the limiting 


factor used. As compared with the maximal growth rate | 


of bacteria and yeasts, this value is about five times 
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gnaller (Monod, 1950; Herbert e¢ al., 1956; Holme, 





Pip the 1957). It is well known that the value of the maximal 
1 differs growth rate Is dependent on the composition of the 
pigment medium ; from that it may appear that the low maximal 
1tibiotie sowth rate is the result of the use of a synthetic me- 
dilution dium. In our case, however, this is not 80, for even a 
Y dilution natural medium containing corn steep liquor failed to 
West dil. yield a higher maximal growth rate (unpublished data). 
11s would F28¢2” be seen from figures 1 and 5, the critical dilution 


technical 
» produce 


Pl limita- 
ION. rates, 
022 hr 


nents did 
nitrogen 
duced js 
although 
ther with 
Ws with 
ut of the 
it of the 
red with 


with 


‘ated by 
10), was 
Isworth, 
sms. As 
‘oO what 
isms it 


rte, De (at this rate the microorganisms would be, 
under ideal conditions, completely washed out from the 
cultivation vessel), is invariably higher than the maxi- 
mal growth rate determined in batch cultivation (figure 
1). This fact, often quoted by other authors for non- 
filamentous organisms, is largely explained by the 
growth of microorganisms on the walls of the fermenta- 
tion vessel or by imperfect mixing (Herbert et al., 1956). 
Pirt (1957) states that this phenomenon is caused by a 
better adaptation of microorganisms to the cultivation 
conditions during a longer continuous cultivation. 

) Yield constant (Y). It proved impossible to determine 
ireliably the yield constant from batch cultivation data 
Hbecause the termination of the logarithmic phase of 
growth was usuaily followed by a rapid drop in the 
dry weight of mycelium as a result of autolysis. In a 
continuous culture with sucrose limitation, the yield 
constant remained unchanged in the range of dilution 
rates from 0.08 to 0.15 hr~ and equalled 0.43; this value 
decreased at dilution rates lower than 0.08 hr or higher 
than 0.15 hr to 0.32 (figure 4). The shape of the curve 
showing the relationship between the values of the 
yield constant and the dilution rate was the same for 
both sucrose concentrations used. A similar shape is 
usual in nonfilamentous organisms. Herbert et al. (1956) 
and Maxon and Johnson (1953) explain the decrease of 
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the yield constant at low dilution rates by presuming 
that, thanks to endogenous respiration, more carbon 
from the carbon source is incorporated into carbon di- 
oxide than into the cell matter. The decrease of the yield 
‘constant at high dilution rates is explained by the pro- 
‘duction of different compounds which are not formed at 
low dilution rates (Maxon and Johnson, ,1953; Pirt, 
11957). 


Saturation constant (K,). The relationship between 


') the growth rate and the concentration of the limiting 


factor (Monod, 1950) 
S 
K,+s 


Bh = Un 


certainly is too simple to express accurately the compli- 
cated process of growth (recently other, more compli- 


}cated relationships have been postulated) but is quite 
t helpful for such purposes where it is not necessary to 
hexpress directly the reaction kinetics. This constant 
} was not calculated from batch data, as in batch cultiva- 
) tion the logarithmic phase ends too abruptly. It cannot 
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be calculated from data obtained in continuous cultiva- 
tion at low dilution rates, for the concentration of the 
limiting substrate is too low and lies beyond the aceur- 
acy limit of the assay method. We saw little purpose 
in calculating it from values obtained at high dilution 
rates, respective from the Dy value (Herbert ef al., 
1956), as these values are probably already influenced 
by the “apparatus effect” (wall growth and imperfect 
mixing). It can be said with certainty, however, that, 
as with bacteria, the K, is very low because the log- 
arithmic phase terminates very abruptly in batch culti- 
vation and, in continuous cultivation, a very steep de- 
cline in the dry weight of mycelium occurs as soon as 
Dy is exceeded. 


Influence of Type of Limiting Substrate and Dilution 
Rate on Nitrogen Content in Dry Weight of Mycelium 


The data concerning changes of the nitrogen content 
in the dry weight of mycelium are in accordance with 
similar studies performed on bacteria by Holme (1957) 
and Formal, Baron and Spilman (1956). When con- 
sidering the decrease of nitrogen content in the dry 
weight of mycelium in nitrogen limitation, accom- 
panying the lowering of the dilution rate, it must be 
emphasized that, in our experience, this phenomenon 
‘rannot be explained by the production of nitrogen- 
free compounds in the mycelium (e.g., glycogen (Holme, 
1957)); there is, simultaneously with the decrease of 
nitrogen content in the dry weight of mycelium, a drop 
in the dry weight of mycelium itself. Instead, it seems 
probable that nitrogenous compounds are produced and 
released to the medium; this possibility is corroborated 
by the observed increase in concentration of amino- 
nitrogen at low dilution rates in nitrogen limitation. 


Production of Chlortetracycline and Pigments in 
Continuous Culture of S. aureofaciens 


In previously published papers, the continuous bio- 
synthesis of antibiotics was aimed at the practical 
utilization of the continuous method. We have there- 
fore in our experiments followed the production of an 
antibiotic under well-defined conditions in dependence 
on the dilution rate, and type and concentration of the 
limiting factor, even though the synthetic medium was 
not favourable to the antibiotic production. The concen- 
trations of the antibiotic obtained are in fact very low, 
yet still exactly measurable. 

From the above results, the sudden disappearance of 
the antibiotic and pigments at low dilution rates in 
sucrose limitation, and the gradual disappearance of 
the antibiotic and pigments in nitrogen limitation, are 
the most interesting. A similar observation was de- 
scribed by Bartlett and Gerhardt (1959) during the 
continuous biosynthesis of chloroamphenicol (although, 
in their case, no substrate limitation was concerned), 
namely a decrease of the antibiotic content in the myce- 
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lium resulting from a decrease of the dilution rate. The 
phenomenon seems therefore to be of a more general 
nature. Incidentally, it has been pointed out that even 
in the biosynthesis of simple products such products 
as are produced at high dilution rates often cease to be 
produced at low dilution rates (Maxon and Johnson, 
1953; Pirt, 1957). 

In our experience, two possible explanations present 
themselves for the loss of the antibiotic and pigment 
producing ability. At low dilution rates, when the con- 
centration of the substrate in the cultivation vessel is 
low, the enzyme surfaces related to the production of 
the antibiotic and pigments are not saturated, so that 
neither the antibiotic nor the pigments are produced. 
Another explanation may be found in the selecting of a 
certain part of the heterogeneous population. A non- 
pigmented part of population, producing no antibiotic, 
might have a higher growth rate at low concentrations 
of the limiting factor (at low dilution rates), whereas a 
pigmenting and antibiotic-producing part of population 
might have a higher growth rate at a higher concentra- 
tion of the limiting substrate (at a higher dilution rate). 
The second alternative is supported by the fact that the 
antibiotic and pigment production is not resumed imme- 
diately upon increasing the substrate concentration in 
the cultivation vessel. Undoubtedly, other explanations 
could be found, e.g., the difference in the ‘‘physiological 
state” of the culture at different dilution rates, as 
stressed by Malek (1958). To solve this question and to 
explain the differences between nitrogen and sucrose 
limitation, further research is necessary. 
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SUMMARY 


The behaviour of a strain of Streptomyces aureofa- 
ciens, as representative of filamentous microorganisms, 
was studied during continuous growth in synthetic me- 
dium. It was found that under substrate limitation the 
behaviour of filamentous microorganisms is the same as 
nonfilamentous microorganisms. In both cases, the con- 
formity with the theory is only fair and the discrepan- 
cies from the theory are of the same character. The pro- 
duction of chlortetracycline and pigment formation 
were also studied with regard to dependence on the type 
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and concentration of the limiting substrate a. | the qj. 
lution rate. 
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In a previous study (Deibel, Niven, and Wilson, 
1961) some microbiological aspects of fermented sausage 
manufacture were investigated with the ultimate aim of 
employing a starter culture to effect greater control in 
the production of these meat items. In the study a trend 
was noted in the industry to eliminate the necessity for 
microbial reduction of nitrate by employing a nitrite- 
containing cure. Thus, one of two microbial-mediated 
reactions was circumvented; however, chance contami- 


nation by fermentative-type bacteria was practiced 
' characteristically. As a consequence of these observa- 


tions attention was focused on the sugar fermentation 
eflected by the contaminating lactic acid bacteria. 

In the present report the factors influencing the 
choice of the starter culture, some factors influencing its 
preparation for distribution, and its utilization under 
commercial conditions are described. 


MATERIALS AND METHODS 


Culure methods. Cultures were maintained by daily 
transfer in APT broth? (Evans and Niven, 1951). Lacto- 
bacilli were incubated at 30 C and pediococci at 37 C. 
Large volumes of cultures used for the inoculation of 
sausage were grown in APT broth for 24 hr, the cell 
crop harvested by centrifugation, resuspended in dis- 
tilled water, and sprayed directly onto the sausage 
mixes. Lyophilized cultures were prepared by resus- 
pending the cell crops in reconstituted skim milk pow- 
der, rapidly freezing in an ethanol-Dry Ice mixture, and 
drying in vacuo over phosphorus pentoxide for 4 to 5 hr. 

A method was developed for the quantitative estima- 
tion of pediococci in which decimal dilutions of the 
blended sausage samples were plated in the Lactobacillus 
selective medium? of Rogosa et al. (1953) and incubated 
at 45 C for 48 hr. As noted in previous studies only an 
occasional Lactobacillus strain from meat sources was 
capable of growth at 45 C. In addition, this medium 
effectively inhibits the growth of enterococci. Thus, this 

‘ Journal paper no. 207, American Meat Institute Founda- 
tion 

\PT medium contains per L: tryptone, 10 g; yeast extract, 
5g; NaCl, 5 g; KAXHPO,, 5 g; sodium citrate, 5 g; glucose, 10 g; 
Tween 80, 1 g; MgSO,-7H.O, 0.8 g; MnCl.-4H,0, 0.14 g; and 
FesO,4-7H2O, 0.04 g. For plating, add 1.5 per cent agar. 

Baltimore Biological Laboratory, Inc., Baltimore, Mary- 
land. 


combination of environmental factors proved to be very 
effective for the quantitative estimation of high acid 
producing pediococci in the inoculated 

Pilot plant studies. The formulation 
of the sausage mixes was conducted in an experimental 
sausage kitchen maintained at 45 to 50 F. After the 
salt, sugar, spice, and nitrite were added to the meat 
components, the inoculum was sprayed onto the sausage 
mixture (table 1) toward the end of the mixing opera- 
tion. Uninoculated batches were always prepared before 
inoculated batches to minimize contamination. When 
two or more strains were tested, all equipment was dis- 
mantled, scrubbed thoroughly with soap and hot water, 
and reassembled between the preparation of each batch. 
The sausage mixes were stuffed into 3.5 in. diameter 
cellulose casings and placed in an air-conditioned smoke- 
house. Generally, the smokehouse temperature was 
maintained at 80 to 90 F and 90 per cent relative humid- 
ity for the first 12 to 16 hr. For the next 24 hr smoke 
was applied, the temperature was raised to 100 F’, and 
the relative humidity lowered to 80 or 85 per cent. In 
the last 4 to 8 hr of processing, the temperature was in- 
creased gradually until the product attained an internal 
temperature of 137 F. 

After removal from the smokehouse, the sausage was 
held for 48 to 72 hr at 50 F prior to organoleptic evalua- 
tion. Characteristically, freshly processed sausage of 
this variety has a sharp, acid taste and requires at least 
48 to 72 hr to mellow. Commercially, this phase of man- 


sausages. 
and inoculation 


TABLE 1 
A typical summer-sausage formula employed in pilot 
plant studies 


Component Per Cent 
Trimmed cow rounds..... bs Be 
Trimmed bull rounds........ 26. 0....5...- 33:3 
Pork trian: |. 5. cee etene cess 28.5 
Piseki Monoet. 2 ccc eee th cans 0.42 
pe RS er ena Renae 0.05 
eS TE AN ERT 0.12 
Glucose. . See Sao eee ane Me ES oe 1.4 
elaria GPMOUIAG 2 565.5150. So ee 2.9 
ey |, rr ree 0.01 
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ufacture takes place in the plant or in transit to the 
consumer. 


EXPERIMENTAL RESULTS 

Pilot plant studies with freshly harvested cell crops. In 
initial experiments, sausage batches were prepared with 
various Pediococcus and Lactobacillus strains that were 
harvested from the growth medium immediately prior 
to inoculation. These sausages always possessed a su- 
perior texture in comparison to the soft, uninoculated 
control sausages. No vast differences in the texture or 
organoleptic properties of the sausages inoculated with 
the various lactic acid bacteria could be detected. Or- 
ganoleptically, the uninoculated batches often could be 
characterized by their lack of tangy flavor as well as an 
unclean or cheeselike flavor. Generally, no differences in 
color could be detected in the final products although 
color deveiopment in the control batches was slower 
during the smoking process. 

After preliminary experiments and in consideration of 
results obtained from the examination of commercial 
emulsions, the conventional holding period of the sau- 
sage at 45 F for 3 days prior to smoking was eliminated 
in the pilot plant studies. This change did not alter any 
properties of the inoculated products in any detectable 
manner. As observed previously (Deibel et al., 1961) no 
microbial activity was detected during this period. 
Thus, in the manufacture of summer sausage and its 
varieties, these considerations cast considerable doubt 
on the necessity of this phase of sausage manufacture. 

The final pH values of the inoculated sausages were 
4.7 to 5.1 in contrast to uninoculated samples with a 
range 5.0 to 5.5. Although the respective absolute values 
would vary from batch to batch, invariably the pH val- 
ues of the inoculated sausages would decrease more 
rapidly and attain a lower value than the uninoculated 
sausages. 

Experiments concerned with methods of distribution and 
inoculation. In the cheese industry where the employ- 
ment of starter cultures has been well established, the 
starter culture is maintained by regular subcultures in 
small volumes of milk. When needed, larger volumes of 
starter cultures are prepared in milk from the smaller 
inocula, which are then used to seed the vats of milk. 
Such a procedure did not appear to be readily adaptable 
to sausage making and it was considered that a lyophi- 
lized culture, capable of reconstitution and direct addi- 
tion to the sausage emulsion, would be the ideal method 
of inoculation. This method offered obvious advantages 
over the distribution of a cell paste, or cake of cells, or 
an in-the-plant transfer of the culture. 

Representative Lactobacillus and Pediococcus strains 
were lyophilized as described previously. The results 
with lyophilized Lactobacillus strains were disappointing 
as high viable cell recoveries were not obtained with any 
of the strains. However, the Pediococcus strains were 
found to be resistant to the lyophilization process. As 
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determined by plate counts in APT agar, 80 ti 05 per 
cent of the cells survived lyophilization. 

Due to its rapid growth and resistance to ly«) hilizg- 
tion, Pediococcus cerevisiae strain FP1 was cho <en for 
further study. This strain was used in all sul- quent 
studies and was ultimately employed as the starior eul- 


ture for fermented sausage. A discussion of its )lysio- 
logical characteristics and taxonomic position is pre- 
sented later. 

Studies were then conducted in the pilot plant with 
lyophilized preparations of P. cerevisiae strain FP1. 
Contrary to expectations the preparations completely 
lacked fermentative ability. Although the Pedivococcus 
starter culture could be quantitatively recovered from 
the sausage mixes immediately following inoculation, 
after 12 to 16 hr incubation in the smokehouse they 
were undetectable. Another Pediococcus strain reacted 
in a similar manner. 

Activity testing of lyophilized preparations. To facili- 
tate testing a large number of experimentally lyophi- 
lized cultures a laboratory scale sausage test was de- 
vised. Ground beef 100 g, with glucose, 1.5 g, sodium 





chloride, 3.0 g, and sodium nitrite, 0.01 g, was used to | 


simulate a commercial sausage mixture. After inocula- 
tion, 100 g of the mix was placed in a 100-ml beaker, 
covered to prevent evaporation, and incubated at 37 C. 
In an experiment to determine the feasibility of this 
method, the cell crop from 1 ml of APT medium was 
used to inoculate 100 g of the mixture. Uninoculated 
batches were prepared prior to the test batches. Within 
18 to 20 hr the inoculated samples possessed the resilient 
texture associated with fermented sausage. The pH 
values of these preparations were in the range of 4.8 to 
5.0 and the characteristic cured meat color developed 
fully. In contrast the uninoculated samples possessed 
an inferior color, a mushy texture, and a pH value of 
5.6 to 6.1. This method of testing the fermentative 
activity of the starter culture was empioyed in the re- 
mainder of this investigation. 

Using this method, experiments were performed to 
determine the factor(s) inhibiting the growth of the lyo- 
philized starter culture. Sodium chloride and sodium 
nitrite were employed as variables and a series of the 
laboratory meat mixtures were prepared accordingly. A 
lyophilized preparation containing 90 per cent viable 
cells was tested. In addition, an uninoculated mixture 
and a mixture inoculated with a freshly harvested cell 
crop were included for control purposes. The lyophilized 
cell preparation evidenced strong fermentative ability 
in the formulations in which the sodium chloride was 
omitted. However, the freshly harvested inoculum was 


active under all conditions regardless of the presence or | 


absence of sodium chloride in the mixture. 

These observations afforded an explanation of the 
perplexing results in which high viable cell counts were 
observed in lyophilized preparations plated in APT 
agar, and their inactivity in sausage emulsions. Sub- 
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stantiating evidence was obtained when lyophilized 
preparations were plated in APT agar and APT agar 
containing 6.0 per cent added sodium chloride. Small 
numbers of cells (less than 10* per ml of original me- 
dium) were able to initiate growth in the salt-containing 
medium. In contrast, viable counts (per ml of original 
medium) in the range of 10° to 10° were obtained in the 
APT agar. Thus, it would appear that the lyophilization 
process destroyed or interfered with the ability of the 





|, organism to tolerate high salt concentrations. 

In further experiments it was demonstrated that the 
|, Joss of sodium chloride tolerance in lyophilized prepara- 
) tions could be averted if the inoculum culture was main- 
tained by daily transfer in 6.5 per cent sodium chloride 
broth. Using this procedure fermentative activity was 
achieved in the lyophilized preparations and viable 
plate counts on APT agar and APT agar containing 6.5 
per cent sodium chloride were comparable. 

' The lyophilized starter culture was then tested under 
commercial conditions of sausage manufacture. The 
only restrictions in the formulation of product that were 
} imposed on cooperating manufacturers consisted of lim- 
iting the sodium nitrite concentration in the sausage to a 
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maximum of 100 ppm, and the employment of glucose 
to effect a more rapid fermentation. Manufacturers were 
encouraged to omit the initial holding period of the 
sausage at 45 I, to place the stuffed sausage directly 
into the smokehouse, and to employ a 48-hr heating and 
smoking period. Some manufacturers, whose primary 
interest was to produce a more uniform product rather 
than shortening the processing time, preferred to follow 
their usual schedules. In preliminary field trials a ten- 
dency to overmix the emulsion to insure distribution of 
the starter culture was observed. This resulted in an 
excessive blending of the fat and loss of fat-particle 
definition in the product as well as a somewhat inferior 
texture. Aside from this minor difficulty a highly accept- 
able product was produced characteristically. 

At present, the Pediococcus starter culture’ has re- 

‘Under a nonexclusive license with the American Meat 
Institute Foundation, Merck & Co., Rahway, New 
Jersey, formulate and distribute the Pediococcus cerevisiae 
starter culture under the trade name of ACCEL. The culture 


Inc., 


has been approved for us2 in ferm2nted siusage by The Meat 
S. Department of Agriculture 


Inspection Division of ke U. 


(Miller, 


19E6). 


Vigure 1. Comparison of the morphology of Pediococcus cerevisiae strain FP1 when grown in broth culture (left) and sausage 
(right). The slides, prepared from 20-hr cultures, were stained by the Gram method. Magnification 2300X. 
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ceived acceptance in the fermented sausage industry. 
Each commercial batch of the starter culture is thor- 
oughly tested for activity, thus affording greater control 
over the fermentation and uniform sausage manufacture 
of high quality. 

Physiology and taxonomy of the Pediococcus starter 
culture. Throughout these studies a peculiar morphology 
of the Pediococcus starter cultures was observed when 
smears of the sausage were examined. As demonstrated 
in figure 1, the individual cells were enlarged and lacked 
the uniformity of cell size associated with cultures 
grown in the laboratory. Subsequently, this morphology 
was also observed in smears of cultures grown in 6.5 per 
cent sodium chloride media. Thus, this peculiar mor- 
phology was associated with the growth of the organism 
in media containing high sodium chloride concentra- 
tions. 

Some physiological characteristics of the Pediococcus 
starter cultures are presented in table 2. Although this 
strain was capable of growing at 10 C, its optimal tem- 
perature for growth is approximately 37 C. 

In comparison to the descriptions presented in Ber- 
gey’s Manual of Determinative Bacteriology (Breed, Mur- 
ray, and Smith, 1957) and by Pederson (1949), it is ob- 
served that the starter culture strain possesses charac- 
teristics in common with both Pediococcus cerevisiae and 


TABLE 2 
Physiological characteristics of Pediococcus cerevisiae 
strain FP1 


Motility . Pee ee MER ae Sink he etc eect ~ 
Catalase: | 

APT broth....... eye ess Reig _ 

0.05°% Glucose. . Ace ae ~ 
COz from glucose ~ 
Nitrate reduction arse - 
Litmus milk ‘2 No change 
Final pH, glucose broth 3.7 
Agar shake...... oa Facultative 
Acetylmethylearbinol production - 
Hydrolysis: 

Sodium hippurate - 

Esculin 

Arginine 

Gelatin 

Starch 
Growth: 

10 C 

30 C 

45 C 

50 C We 

5% NaCl, 30 C. 

10% NaCl, 30 C 


1++ 


| 


++++++ 


Xylose, arabinose, mannose, fructose, galactose, sucrose, 
trehalose, glucose, salicin, cellobiose, and a-methyl-d-glu- 
coside were fermented. Glycerol was fermented only under 
aerobic conditions. Lactose, maltose, raffinose, inulin, man- 
nitol, melibiose, rhamnose, melezitose, 


sorbose, dulcitol, 


dextrin, sorbitol, and a-methyl-d-mannoside were not fer- 
mented. 


R. H. DEIBEL, G. D. WILSON, AND C. F. NIVEN, JR. 
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Pediococcus acidilactici. The inability to ferm« 


maltose 
coupled with a high optimal temperature of g: 


vt h Were 


characteristics of sufficient import to sugge | species 
recognition (Pediococcus linderii) by Shimw: (1948) 
The starter culture possesses both of these ch: racteris. 


tics. Recently, Nakagawa and Kitahara (1 19) have 
extended the taxonomy of this genus and proposed five 
distinct species. According to their classificatioi scheme. 
the starter culture shares characteristics in common 
with two species (Pediococcus acidilactici and /ediocoe. 
cus pentosaceus). Until a classification scheme is gener. 
ally accepted, the authors are hesitant to alter species 
designation of the starter culture although they recog- 
nize that this may be necessary sometime in the future. 


Discussion 
In the commercial production of fermented foods, 
manufacturers strive constantly to exercise a high de- 
gree of control over the process and produce consistently 
a uniform product of high quality. In the past, sausage 
manufacturers were not only beset with large losses of 
product due to undesired fermentations, but also wide 
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variation in over-all product quality. As has been dem- 
onstrated in other fermented food industries the only 
approach to a controlled fermentation is through the 
agency of starter cultures. Thus, by the direct addition 
of the organism producing the desired effect, growth of 
undesirable bacteria is restricted and uniformity of 
product is enhanced. 

Upon introduction of the Pediococcus starter culture, 
some manufacturers expressed concern over the possible 
loss of product distinctiveness, specifically organoleptic 
characteristics, if all manufacturers used the same 
starter culture. This concern was allayed when the 
prime factors of organoleptic distinctiveness were con- 
sidered. Aside from the tangy flavor common to this 
class of sausages, the predominant organoleptic charac- 
teristics arise from the individual formulations in the 
spices, sugar, salt, and meat components as well as con- 
tributions from the varied processing schedules as prac- 
ticed in the individual plants. Organoleptic contribu- 
tions due to secondary fermentations (aside from lactic 
acid production) appear to be of small import in sum- 
mer-type sausages. 
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However, these considerations are not applicable in 


foto when extended to other varieties of fermented sau- 
sage such as Lebanon Bologna or Genoa sausage. In 
these instances the primary lactic acid fermentation is 
necessary but secondary fermentations appear to play a 


significant role in organoleptic distinctiveness of the ; 


products. As yet the microbiology of these secondary 
fermentations has not been elucidated. 

The employment of starter cultures in the fermented 
sausage industry was pioneered by Jensen and Paddock 
(1940). These investigators employed several Lactobacil- 
lus species to effect the lactic acid fermentation but de- 
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pended tipon chance contamination for nitrate reduc- 
ion. Conversely, Micrococcus aurantiacus has been used 
jsa starter culture to reduce nitrate (Niinivaara, 1955); 
however, Chance contamination by fermentative bac- 
ria Was practiced in this study. With the trend in in- 
justry to use nitrite in the cure only the lactic acid fer- 
nentation is left to chance. Obviously, this fermentation 
«an be effected by a number of lactic acid bacteria and 
p. cerevisiae is but one of a large number of these bac- 
teria. Thus, the use of a starter culture on an industry- 
wide basis is then resolved to problems of distribution 
and in-plant utilization of the culture. 

The employment of starter cultures by all manufac- 
turers of fermented sausage appears inescapable. A 
process Which affords product uniformity of high qual- 
ity, relative freedom from failure, and possible savings 
i time and labor should ultimately replace the tradi- 
tional process with its hazards resulting from chance 
contamination. 

SUMMARY 


The development of a lyophilized culture of Pediococ- 
cus cerevisiae for summer-type fermented sausages 
stemmed from the necessity of a characteristic lactic 
acid fermentation, considerations of an industry-wide 
distribution of the culture, and in-plant inoculation 
problems. Some difficulty was encountered in the lyoph- 
ilization of the cells due to the apparent loss of sodium 
chloride tolerance in the lyophilization process. How- 
ever, the loss of salt tolerance could be averted by main- 
taining the culture in a medium containing 6.5 per cent 
salt. 

A laboratory method of testing the activity of starter 
culture preparations is presented. A ground meat mix- 
ture approximating the formulation of sausage with re- 
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gard to curing ingredients, salt, and sugar is inoculated 
with the preparation in question and incubated. Activ- 
ity is determined by the acid produced as well as the 
color and texture of the meat. 

The starter culture performed satisfactorily under 
manufacturing conditions and has proved to be useful 
in the commercial production of a variety of fermented 
sausages. 
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Early in World War II there developed an increased 
demand for compounds usable in the manufacture of 
synthetic rubber and other strategic materials. One 
which seemed to have great potential for such use was 
2,3-butylene glycol which possessed the added ad- 
vantage that it could be produced by fermentation 
from noncritical surplus wheat. Cooperative efforts by 
universities and agencies of the United States and 
Canada resulted in a thorough study of all phases 
in developing plant-scale operations. Underkofler and 
Hickey (1954) have adequately reviewed these studies 
and no further discussion will be attempted here. Cessa- 
tion of hostilities concomitant with high cost of wheat 
prevented subsequent commercial application. Many 
industrial uses for 2,3-butylene glycol have been pro- 
posed including softeners for textile sizing, solvents 
for dyes, components of synthetic resins, carriers for 
pharmaceutical products, manufacture of plastics, and 
automotive antifreeze (Neish, 1944; 
1946). 

The postwar expansion of the Florida citrus industry 
has led to waste disposal problems which exceed the 
capacity of existing facilities. Existing processes, e.g., 
citrus feed molasses, designed as partial answers to this 
problem, produce little or no return to the processor 
and require costly installations. A suggested alternative 
is the fermentation of certain liquid citrus wastes (press 
liquor) to potentially higher revenue-yielding products, 
e.g., 2,3-butylene glycol. Press liquor, since it is a 
waste, is inexpensive and is readily available in suffi- 
cient quantities to meet any foreseeable demand. The 
present study was designed to provide basic informa- 


92 


2,0- 


Clendenning, 


tion necessary for commercial production of 
butylene glycol from these wastes. 


MATERIALS AND METHODS 


Description of citrus press liquor. Citrus press liquor 
is the watery waste obtained upon grinding, liming 
and pressing citrus peel. The pressed peel is then dried 
for cattle feed. The usual method for disposing of the 
liquor is to evaporate it to a black strap-type molasses 
for sale as cattle feed. Press liquor is readily adaptable 
to fermentation contains relatively large 
amounts of sugar which, although subject to consider- 
able variation, generally ranges from 7 to 10 per cent. 
Preliminary investigations indicate that 


since it 


sufficient 
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medium 
unit in 
sainles: 
with a | 
able sp 
mainta’ 
temper 
fermen! 
of 10 2 
— un Oe eles : matic | 
quantities of minerals for fermentation are naturally & determ 
present, whereas normal nitrogen content is uniformly Fern 
inadequate. The pH of press liquor falls within the favoral 
range 5.2 to 6.0 depending upon the extent of liming sugar 
by the processor. . liquor 
Cultures. Two cultures were employed in this study: these 
Aerobacter aerogenes strain NRRL B-199, an established steriliz 
2,3-butylene glycol producer, obtained from the a heat 
Northern Regional Research Laboratory, Peoria, pende 
Illinois; and a species of Aerobacter, designated strain f on m 
A-101, isolated from soil in the vicinity of a citrus feed F peyeal 
mill. Culture A-101 consistently gave higher glycol B que ¢ 
yields and greater reduction in total sugar, although urea i 
in all other respects the two cultures were markedly ]) garte 
similar. use of 
Preparation of starter cultures. Stock cultures were § eonte 
maintained on nutrient agar slants. Prior to use, the B que t 
cultures were activated by one or more transfers to sugar 
nutrient agar slants with 18 to 24 hr incubation at 30C F ciple 
followed by transfer to citrus press liquor or diluted Mi 
molasses agar slants. These media consisted of the B of y 
following: plain citrus press liquor (8 to 12° Brix) or § inclu 
citrus molasses (diluted to 20° Brix) containing 03  jate. 
per cent yeast extract (BBL)' and 2.0 per cent agar. F cont; 
Media were adjusted to pH 7.0 to 7.5 with 10 nN NaOH F mont 
prior to sterilization which gave a final pH of 6.5 to A 
7.0 after sterilization. Transfers were made at 24-hrf yas 
intervals until vigorous growth was obtained. The | ¢ota] 
final transfer was incubated for 18 to 20 hr at 30 C.§ 9 3) 
The growth was removed by washing and transferred | and 
to 1-L Erlenmeyer flasks containing 300 ml of citrus Re 
molasses or press liquor medium. One slant culture per ‘i 


flask was used as inoculum. Flasks were incubated on a 
reciprocating shaker at 30 C for 12 to 18 hr and trans- 
ferred at a rate of 5 to 7 per cent (v/v) to the fermenta- 
tion substrate. 
Factors affecting starter cultures. Determinations were 7 
made of the effect on starter cultures of added buffers, 
nitrogen source, pH, agitation, volume of shaker cul- 
tures, sequence and frequency of transfer to nutrient 
agar and press liquor or molasses slants, and incubation , 
temperature. } 
Fermentor. Fermentations were carried out in a 15-L 
fermentor containing a total volume of 13.4 L (12.5 L | 
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medium + 0.9 L starter). All parts of the fermentor 
qnit in contact with the substrate were constructed of 
ainless steel or glass (figure 1). Aeration was regulated 
vith a flowmeter and stirring rate by means of a vari- 
able speed drive. Temperature of fermentation was 
maintained at 30 C by immersion of the unit in a 
temperature-controlled water bath. Desired pH of the 
fermentation was maintained manually by addition 
of 10 N NaOH and foaming was prevented by auto- 
matic addition of Dow-Corning Antifoam B? at. pre- 
determined intervals and dosing rates. 

Fermentation substrate. The substrate found most 
favorable to good glycol production with low residual 
sugar consisted of molasses diluted to 20° Brix or press 
liquor concentrated to 20° Brix. To 12.5 L of either of 
these was added 0.2 per cent KH2PO,, followed by 
sterilization at 121 C for 30 min. Upon cooling to 30 C 
a heavy white precipitate composed of previously sus- 
pended matter invariably formed in the medium. Tests 
on media after filtration to remove the precipitate 
revealed no significant difference in glycol production 
due to this treatment. After dissolving 0.4 per cent 
} urea in the medium, pH was adjusted to 6.2 and the 
| starter culture was added. It should be noted that the 
use of degree Brix as the sole means of measuring sugar 
content of press liquor or molasses can be misleading 
due to the high content of dissolved solids other than 
sugars; however, it was a rapid and relatively reprodu- 
cible means of diluting molasses. 

Miscellaneous determinations. The effect of a number 
the determined 
including: volume of inoculum, aeration rate, stirring 
rate, temperature, nitrogen source and quantity, con- 
centration of sugars, pH, buffers, and mineral supple- 
mentation of substrate. 

Analytical methods. The course of the fermentation 
was followed by periodic analysis of the substrate for 
total sugars by the method of Morris (1948) and for 
2,3-butylene glycol content by the method of Desnuelle 
and Naudet (1945). 

Recovery of glycol from fermentation beer. 2 ,3-Butylene 
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Figure 1. Schematic diagram of fermentor 
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glycol was recovered from the beer by distillation over 
the range 105 to 125 C under reduced pressure (25 
mm). Under such conditions, crystallization and char- 
ring of residual sugar interfered with glycol recovery. 
Addition of glycerol to maintain a liquid state was 
fairly effective in solving this problem and permitted 
greater recovery of the glycol. The crude glycol thus 
obtained was redistilled twice and the physical charac- 
teristics determined. 


RESULTS AND DISCUSSION 


Starter cultures. Prior adaptation of cultures to mo- 
lasses or press liquor exhibited only slight effect on total 
glycol production but was responsible for a shortened 
lag period and somewhat more rapid completion of 
fermentation. Similarly, only slight differences in 
rapidity of growth of the cultures were found upon 
varying sugar concentrations of slant or culture media 
between 8° and 20° Brix. Both 0.3 per cent yeast extract 
and 0.4 per cent urea were adequate for growth of 
slant and starter cultures although, as a matter of 
convenience in sterilization, yeast extract was pre- 
ferred. No appreciable difference was found in rate or 
quantity of growth of starter cultures between 200 and 
300 ml volumes of shake culture media. Buffering of 
molasses or press liquor agar slants and shake cultures 
was found to be unnecessary and had little effect upon 
the cultures for the relatively short incubation periods 
employed. Initial adjustment of the medium to pH 
6.5 to 7.0 was found adequate for good growth of the 
inoculum. 

Sugar concentration. Although single strength press 
liquor contained an adequate amount of sugar for 
fermentation (table 1), higher sugar concentrations 
were considered desirable due to the increased amount 
of glycol produced and the resultant convenience in 
recovery. The sugar concentration given the greatest 
glycol production (4.8 to 5.3 per cent in 48 to 64 hr) 
was approximately 17 to 22 per cent and was obtained 
by diluting molasses or concentrating press liquor. A 
25 per cent sugar content gave somewhat better glycol 
production at 40 hr but resulted in an additional 1.0 


TABLE 1 


Effect of sugar concentration on glycol production 


Maximal | Fermen- 


: > . Total | ae . Residual 
Type Substrate Brix Poe Fe sana = Sauer 
ae |e |e fe 
Press liquor......... 10 7-10 | 1.3-2.4 24 | 0.8-1.9 
Press liquor (con- 
centrated)........| 20 21-22 | 4.9-5.3 | 56-64 | 1.4-2.2 
Molasses............ 20 17-21 | 4.8-4.9 48 | 3.0-3.1 
Molagses.... «<0... 25 23 5.7 40 3.8 
Molasses............ | 30 35 0 48 25.0 
Culture: Aerobacter sp. strain A-101; basal medium: 


KH-2PO,, 0.2 per cent; urea, 0.4 per cent; aeration rate: 1550 
ml per min; stirring rate: 425 rpm. 
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per cent sugar residue. A sugar concentration of 35 
per cent apparently was excessive for this fermentation 
since all tests for glycol remained negative for 48 hr 
and unfermented sugar amounted to 25 per cent. 

Nitrogen supply. The effect of a number of types and 
concentrations of nitrogen were tested. Yeast extract, 
0.3 per cent, proved to be adequate for the fermenta- 
tion but would be impractical in large scale operations 
due to cost. Ammonium hydroxide used with the dual 
purpose of maintaining proper pH as well as supplying 
nitrogen was uniformly unsuccessful. In this case 
glycol production was low and the fermentation gen- 
erally was of poor appearance. Similarly, (NH4)2PO, 
was unfavorable for glycol production although residual 
sugar was low at 65 hr. The use of 0.4 per cent urea, 
or an equivalent amount of urea-containing fertilizer 
(Dupont 45 per cent urea), gave the highest level of 
glycol in the shortest time (48 to 64 hr) with a satis- 
factorily low sugar residue. 

pH. Comparison of fermentations with and without 
CaCO; as a buffer revealed that consistently higher 
levels of glycol were obtained in the absence of this 
compound. The usual reduction in maximal concentra- 
tion of glycol amounted to approximately 30 per cent. 
These results were not in agreement with those of 
Ledingham, Adams, and Stanier (1945) and Olson and 
Johnson (1948) using other substrates. Determination 
and adjustment of the pH of the fermentation at fre- 
quent intervals using 10 nN NaOH was much more 
satisfactory in terms of glycol produced. Maintenance 
of pH within the optimal range 6.0 to 6.2 was a problem 
only during the early, very active stages of the fermen- 
tation, generally occurring within 6 to 24 hr after 
starting. As production of glycol approached a maxi- 
mum and began to level off, the pH of the fermentation 
beer increased slowly, frequently attaining pH 7.2 
and above. Without periodic adjustment, the pH of 
the fermentation fell rapidly to a minimum of 5.2 to 
5.5, resulting in inhibition of the organisms and, con- 
sequently, in a reduced rate of glycol formation. 

Temperature. Optimal temperature for this fermenta- 
tion was 29 to 30 C and, although the cultures were 
relatively temperature tolerant, raising or lowering the 
temperature of fermentation as little as 5 C resulted 
in reduced glycol production. 

Stirring and aeration. Rate of stirring of the fermenta- 
tion was not critical. Agitation sufficient to provide 
good mixing of the medium and to aid in air dispersion 
and retention was adequate. In general, a stirring rate 
of 420 rpm was satisfactory. As would be expected, 
the agitation supplied by aeration alone was vigorous 
but proved to be inadequate and was reflected in re- 
duced glycol formation. High stirring or aeration 
rates were undesirable due to increased foaming which 
necessitated addition of large amounts of antifoam to 
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prevent loss of medium. At the rate emplo 
rpm), foaming was no problem. 


d (420 


Although aeration was required for maxima! prodye. 
tion of glycol, variation in rate over a broad rsiige had 
little effect upon total yields (figure 2). The mos 
effective aeration range approximated a ratio ©! about 


0.04 to 0.11 volume of air per volume of medium per 
min. In several cases in which aeration was topped 
during fermentation, the glycol content of the beer 
decreased rapidly. Excessive aeration (0.15 volume of 
air per volume of medium per min) resulted in «i slight 
decrease in glycol but with a low sugar residue. 








Aeration also seemed to play some part in the rapid 
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Figure 2. Effect of aeration upon production of 2 , 3-butylene 
glycol by Aerobacter aerogenes 199 in 10° Brix citrus press liquor. 
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Figure 3. Utilization of sugar and production of 2,3- 
butylene glycol by Aerobacter aerogenes 199 and Aerobacter 


spp. A-101 in 20° Brix citrus molasses. 
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Figure 4. Utilization of sugar and production of 2,3-butylene 
glycol by Aerobacter aerogenes 199 and Aerobacter supp. A-101 
in single strength (10° Brix) press liquor. 
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TABLE 2 


Physical characteristics of 2,3-butylene glycol 


Source and/or Reference Boiling Range 


TABLE 3 


Fermentation efficiency of various sugar concentrations, 
buffered and unbuffered 


, Glycol 
Average Average Buffer AY erage Produced: 
Initial Sugar Final Sugar Final Glycol Sugar Utilized* 
% % 
17.5 6.0 None 4.8 132.4 
8.5 0.8 None 2.4 1:3.2 
7.5 1.3 CaCO; 1.8 1:3.4 
23.0 3.8 None 5.7 1:3.4 
21.5 2.0 None 5.1 1:3.8 
9.0 1.6 CaCO 1.6 1:4.6 
35.0 25.0 None 0 
* Caleulation: (average ©j initial sugar — average % final 


sugar)/(average % 2,3-butylene glycol) 


conversion of glycol to acetoin after the sugar concen- 
tration of the medium reached a given minimal level. 
The concentration at which this phenomenon was 
observed depended upon the initial sugar level of the 
medium, and consequently, upon the maximal level of 
glycol attained. In the presence of high concentrations 
of sugar with low levels of glycol, further conversion of 
glycol proceeded normally. When the concentration of 
glycol exceeded that of the sugar however, glycol con- 
centration progressively decreased, whereas apparent 
sugar content increased. The usual sugar level at which 
this reaction occurred was approximately 2 per cent. 
This trend is indicated in figure 3. In runs in which 
low initial levels of sugar were employed, glycol content 
of the beer rarely exceeded the residual sugar (figure 4) 
and competition was not evident. This phenomenon 
strongly resembled competitive inhibition although 
this has not yet been investigated. Metabolism of 
2,3-butylene glycol to acetoin under aerobic conditions 
has been reported previously by Mickelson and Werk- 
man (1939), Freeman (1947), and Olson and Johnson 
(1948). 

Mineral supplements. Addition of MgSO, CaCh, 
NaCl, CuSO4, MnSO,, ZnSO,, and FeSOu,, had no effect 
upon the fermentation in terms of sugar utilized or 
glycol produced. Apparently adequate concentrations 
of these minerals were naturally present in press liquor 
and molasses. 


1 


Refractive Index Optical Rotation 


9 
23 


n3 = 1.4332 [a]2° = +0.88° 
n? = 1.4359 la]?° = 0.0° 
ny = 1.4381 [a]?° = +1.06° 
n> = 1.4366 [a]?° = +0.8° 
n'y = 1.4371 [a] 3° 


= +1.80° 


Recovery of glycol. As would be expected, the tech- 
nique employed for distillation and fractionation of the 
glycol had a marked effect upon the physical properties 
of the compound. While the boiling range of the major 
fraction of the glycol was 180 to 182 C, significant 
quantities distilled at 177 to 180 C, presumably due to 
contaminants and mixtures of isomers. This may ac- 
count for the variation in characteristics reported by 
other workers (table 2). Since approximately only 1 C 
difference in boiling point is found between the dextro- 
and meso-isomers, there is no doubt that mixtures of 
these isomers are always obtained, the extent being 
determined by the care in fractionation. The physical 
properties of the glycol obtained from fermentation 
by strain A-101 are indicated in table 2. 

Efficiency of fermentation. Determination of theoreti- 
‘al yield as a measure of efficiency of fermentation was 
impractical for this fermentation due to the variety of 
products formed. The alcohol:glycol ratio frequently 
employed by other workers was of little value here 
due to the consistently negligible quantities of alcohol 
(+ 0.6 per cent (v/v)) produced. A more realistic 
approach seemed to be calculation of the ratio of glycol 
produced to sugar utilized. The results shown in table 
3 indicate that a rather broad range of sugar concentra- 
tions is effective in glycol production, although most 
efficient conversion occurs within the range 8.5 to 17.5 
per cent. 


SUMMARY 

Citrus molasses and press liquor were found to be 
excellent. substrates for 2,3-butylene glycol fermenta- 
tion by two Aerobacter species. Prior adaptation of 
cultures to press liquor or molasses had little effect on 
total glycol production although the initial lag period 
was decreased by this treatment. Aeration and stirring 
were required for maximal yields of glycol although 
rates were not critical. Optimal sugar concentration in 
the fermentation medium was approximately 17 to 22 
per cent with maximal glycol production in 48 to 64 
hr of 4.8 to 5.3 per cent. Optimal temperature for the 
fermentation was 29 to 30 C. Supplementation of the 
medium with nitrogen was required for glycol forma- 
tion, and of the sources tested, yeast extract and urea 









were the most satisfactory. Use of CaCO, as a buffer 
resulted in decreased glycol production, whereas addi- 
tion of NaOH to maintain an optimal pH of 6.0 to 6.2 
exhibited no adverse effects. A possible explanation was 
suggested for dissimilation of 2,3-butylene glycol upon 
attaining low sugar levels in the fermentation beer. 
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Investigators in the field of aerobiology who are 
concerned with determining bacterial survival under 
various environmental stresses, find it necessary to 
distinguish between the loss of viable bacteria from 
aerosols due to biological decay (death) as opposed 
to physical decay due to such factors as unrestricted 
diffusion, impaction on available surfaces, and fall-out. 
The distinction is important, for example, in assessing 
the effects of air sterilization mechanisms or in simple 
evaluations of microbial response to controlled condi- 
tions of temperature and relative humidity. 

The usual viable cell 
tervals during the life of an aerosol are used to estimate 
a decay rate which represents the total of the physical 
and biological components. To derive the biological 
decay rate from this parameter it is necessary to de- 
termine the physical component. This may be accom- 
plished by total cell assessment from the aerosol sam- 
ples or by some indirect measure provided that the 
latter is associated with the same particle size distribu- 


assay of samples taken at in- 


tion as the test organisms. 

Attempts to determine the total cell numbers in an 
aerosol sample directly must rely upon laborious micro- 
scopic examination which is hindered by the presence 
of debris and which is still more difficult when the 
organism under test is of small size. 


The use of cells tagged intracellularly with P* has 


been described by Harper, Hood, and Morton, 1958. 
This technique offers the most realistic approach to the 
estimate of physical decay of the microorganisms but 
has the disadvantage that the preparation of intracel- 
lularly tagged cells is tedious and time consuming. 

Two additional methods for determining the physical 
decay rate of aerosols will be reported and their ad- 
vantages discussed in this paper. The methods include 
the use of bacterial spores and radioactive S**. In both 
cases the tracer material is added directly to the bae- 
terial suspension. 


MATERIALS AND METHODS 


Cultures. Bacillus subtilis var. niger cells were grown 


in casein acid digest medium and then autolyzed to f 


eliminate vegetative forms. The suspensions were 


centrifuged to a heavy mud and stored at —40 C until | 


time of use. After resuspension in 0.2 per cent gelatin 
and 0.4 per cent anhydrous sodium phosphate solution 
the spores were heat shocked (65 C for 30 min). Ser- 
ratia marcescens cells were grown in a tryptose, phos- 
phate, and cerelose medium; centrifuged, then resus- 
pended 1:1 in supernatant, and pellet frozen. The 
cells were then stored at —40 C until use when they 
were resuspended in gelatin and phosphate solution. 
Pasteurella tularensis cells were grown in a casein acid 
digest medium and stored at 4 C until used. 
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Aerosolization. Pure cultures of bacteria or mixtures 


F of cultures and tracer were disseminated into aerosol 


chambers ranging in volume from 5 X 104 to 2 X 10° L 
with structural and operational characteristics similar 
to those of the chamber described by Ray (1959). 


Spray nozzles were employed to produce aerosols in 
» these units. 


Sampling. Aerosol samples were collected by means 
of all glass impingers (AGI), described previously by 
Tyler and Shipe (1959). To these were attached pre- 


4 . . . 
} impingers which in general collect particles greater 


B than 5 w and allow particles less than 5 uw to pass into 
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the AGI (May and Druett, 1953). Collecting fluids 


were gelatin and phosphate solution except in P. tula- 
rensis trials when gelatin and saline solution was em- 
ployed. 


with distilled 
water, mixed samples of B. subtilis and S. marcescens 


Assay. After appropriate dilution 
were streaked on a medium containing 2 per cent 
Bacto-tryptose,' 1 per cent glucose, 0.5 per cent NaCl, 
and 2 per cent Bacto-agar! with 0.005 per cent potas- 
sium tellurite added for the inhibition of S. marcescens. 
The samples were also streaked on a medium containing 
2 per cent Wilson’s peptone, 0.5 per cent glucose, 0.5 
per cent NaCl, and 3 per cent Bacto-agar with brilliant 
green at a concentration of 1:2 million, added for the 
B. subtilis. 


Mixed samples of P. tularensis and B. subtilis were 


inhibition of 


diluted in gelatin and saline solution and streaked on 
two media: tryptose agar for the assessment of B. 
subtilis, and glucose cysteine agar (BBL)? medium with 
2 per cent packed blood cells and 10 to 20 units per 
ml of penicillin for the assessment of P. tularensis. 

Samples containing radioactive S*° were diluted in 
distilled water. Aliquots (0.1 ml) were pipetted into 
metal planchets, evaporated to dryness overnight, and 
assayed the following day in windowless gas flow 
counters (Tracer Lab model SC 50).* 

Parameters. Aerosol data are expressed in these tests 


} 11 terms of per cent recovery and decay rate. The 


former is the proportion X 100 of the number of units 
recovered as aerosol by a particular sampler to the 
number of units disseminated. Decay rate is approxi- 
mately the linear decrease of the natural logarithm of 
concentration with time, expressed as per cent per min. 
Replication and Analysis. Treatments were tested in 
five to eight replicate aerosol studies. All numerical 
aerosol data were transformed to logarithms and anal- 
yzed statistically to detect significant differences among 
treatments. A probability of less than 5 per cent, that 
an observed difference between treatments was due to 
chance alone was defined as statistically significant. 


'Difeo Laboratories, Inc., Detroit, Michigan. 
* Baltimore Biological Inc., 
Maryland. 


*Tracerlab, Inc., Boston, Massachusetts. 


Laboratories, Baltimore, 
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RESULTS 

Culture compatability. Preliminary experiments to 
test compatability of organisms with tracers were 
conducted using 24-hr contact periods at a temperature 
of 4 C. The mixtures tested included S. marcescens, or 
P. tularensis cells with B. subtilis spores as a tracer, and 
P. tularensis cells with radioactive S* as a tracer. The 
results, summarized in table 1, indicated no adverse 
effect of tracers on viable counts of the test organisms 
over the 24-hr holding period. 

Aerosol compatability. Cultures of S. marcescens at a 
concentration of 20 X 10° cells per ml were mixed with 
B. subtilis spores at three concentrations and dissemi- 
nated into a 200,000-L test vessel. Table 2 presents the 
aerosol per cent recoveries at 2- and 30-min cloud age, 
and the decay rates of S. marcescens for the particle 
size range less than 5 w diameter and greater than 5 u 
diameter. Levels of recovery in the smaller size range 
decreased significantly as tracer concentration in- 
creased. This same effect was also evident for the re- 


TABLE 1 
Effect of several tracers on viable counts of test cultures 
with 24-hr contact periods 


Serratia marcescens 
Counts X 108/ml 


Tracer - 
With 
tracer (24 hr) 


Without 
tracer (0 hr) 


Bacillus subtilis (2 K 109/ml).. 216 200 


Pasteurella tularensis 
Counts X 109/ml 


B: eublilte 2 X< 10%/mil)........0...5....5: 115 
S*5 (0.014 me/ml). . 


113 
115 


TABLE 2 
Aerosol per cent recoveries and decay rates of Serratia 
marcescens and Bacillus subtilis disseminated in 
intimate mixture* 


S. marcescens (20 X 109/ml) 


Treatment <5 u Aerosol particles >5 wu Aerosol particles 
2 min | 30 min eer 2 min | 30 min ow 
: : % % %/min % % %/min 
Without tracer....... 5.90 | 0.42 | 9.01 | 31.2 | 1.29 | 10.7 
B. subtilis at 2 X 10°. .| 5.89 | 0.34 | 9.64 | 32.7 | 1.41 | 10.7 
B. subtilis at 20 X 109.| 4.42 | 0.18 10.9 30.1 | 0.98 | 12.3 
B. subtilis at 40 K 109.) 2.98 | 0.12 |10.9 23.11 0.501 Bs 
Tracer concentration B. subtilis 
2 5¢. 10? mal... 11.9 9.38 | 0.92 | 40.4 | 4.41 7.53 
20 * 10°/ml. 9.55 | 7.50 | 0.92 | 43.3 | 3.33 8.80 
40: 3¢10%/ml.... 7.13 | 5.36 | 0.92 | 43.4 | 2.88 9.22 


* Trial conditions: 85 per cent relative humidity; 75 F. 
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sistant spores of B. subtilis suggesting that the effect 
was due to physical causes rather than viability losses. 
It could be postulated that a shift in particle size dis- 


tribution (toward a larger mass medium diameter) 
occurred as cell numbers increased. Such a hypothesis 
would result in a higher rate of fall-out and this was veri- 
fied by significantly higher decay rates in larger size 
fractions as spore concentrations were increased. Cer- 
tainly, however, there was no effect on S. marcescens 
caused by using B. subtilis as a tracer at the lowest 
concentration of 2 X 10° spores per ml. 

Similar studies were conducted employing spores of 
B. subtilis mixed with P. tularensis. In this case, aerosol 
assessment was confined to particles collected by the 
all glass impinger following the pre-impinger sampler, 
that is, to particles less than 5 uw in diameter. Signifi- 
cantly lower initial recoveries and significantly higher 
decay rates of P. tularensis were obtained when it was 
disseminated at a concentration of 150 X 10° per ml 
with added spores at a concentration of 50 X 10° per 
ml. A biological effect as well as a physical effect. was 
probably operating here. However, these effects were 
not evident when the concentration of spores in the 
mixture was decreased to 1 X 10° per ml. In this case 
there were no significant differences detected between 
P. tularensis aerosols with tracer and without tracer on 
the basis of either initial recovery level or decay rate 
(table 3). It can be concluded that since these spores 
(at low concentration) are a suitable tracer for an or- 
ganism as fastidious as P. tularensis they would also 
be suitable for many other vegetative bacteria. 

A further series of tests was conducted with S*, a 
mass tracer characterized by the emission of weak 
B-rays. 
testing as was evidenced by the lack of increase in 
normal radiological background levels in working areas. 
P. tularensis was again chosen for test because it was 
considered to be highly susceptible to possible radiation 
damage. 

The results obtained with the test cells and with 
S* are given in table 4. There were no significant effects 
of S** on the aerosol recoveries or decay rate of P. 
tularensis. 

Validity of spore and S** decay rates. In addition to 
indicating compatability of test organisms and tracers 
it was necessary to obtain some assurance that the 
tracer decay rates reflected the physical decay of the 
test organisms. Accordingly, P. tularensis cells were 
tagged intracellularly with radioactive P® by the 
method described by Harper et al. (1958). These dead, 
fixed cells were then added to a P. tularensis culture 
similar to those described earlier. The mixture was 
aerosolized and decay rates were determined from the 
P® recoveries in particles less than 5 » diameter. In 
this instance there was no doubt that the isotope was 
distributed throughout the aerosol in the same manner 


No safety problems were encountered during 
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as the test organisms. The results are present 
5 along with the decay rates obtained with 
cens with 2 X 10° per ml spore tracer, P 
with 1 X 10° per ml spore tracer, and P. 
with 0.014 me per ml S* tracer. 

The primary point of interest was the si: larity of 
the physical decay rates of spores and 8*° 


in table 
marces- 
l larensis 


ilare nsis 


that of 
tagged cells. Normal experimental errors ca: account 
for the differences among these values. 

It was not expected that total decay rate~ or bio. 
logical decay rates would be similar among. tests. 


TABLE 3 
Aerosol per cent recoveries and decay rates of Pasteurella 
tularensis and Bacillus subtilis disseminated in 
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tests. 


The 1 
spores ¢ 
i for ps4 
presum 

One 1 
purely 
Howev' 
i of our 
} ceptible 





intimate mixture* 
P. tularensis (150 X 10° ml 
4 min 32 min Decay rate 
% % ¢/min 
Without tracer Eye 2.00 0.18 8.29 
With tracer 3 Pe ne 1.24 0.14 7.42 


B, subtilis (1 X 10°/ml 


8.72 5.70 1.50 


* Trial conditions: 85 per cent relative humidity; 75 F. 


TABLE 4 
Aerosol per cent recoveries and decay rates of Pasteurella 
tularensis and S**> disseminated in intimate mixture* 


P. tularensis (150 X 109/ml) $5 (0.014 mc/ml) 


. 18 . Decay 4 18 32 Decay 
4 mi z 32 rag : a ? 
P _— rate min | min} min rate 


% % % %/min| % % % | %/min 
Without tracer. ./0.292/0.178'0.0922) 4.04 
With tracer..... 0.2070 .105)0.0594 | 4.37 |3.28/2.81/2.42) 1.07 


* Trial conditions: 85 per cent relative humidity; 75 F. 


TABLE 5 
Total, physical, and biological decay rates of four 
bacterial aerosols* 


’ : Total |Physical 4 

Test Organism Tracer Decay | Decay Rivas 
Ratet Ratet Rates 

%/min | %/min | %/ min 

Seratia marcescens Bacillus subtilis 9.64 | 0.92 | 8.72 
Pasteurella tularensis| B. subtilis 7.42 | 1.50 | 5.92 
1.07 | 3.30 


P. tularensis $35 4.37 
7 


P. tularensis P. tularensis tagged) 7.26 | 0.94 | 6.32 


with P#? 


* The tabulated decay rates apply only to the fraction of 


the aerosol contained in particles less than 5 » in diameter 
+ Derived from viable assay of test organism. 
Derived from assay of tracer. 


+ 
t 
§ Difference between total and physical decay rates. 
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factors affecting physical decay were controlled pre- 
«isely but factors affecting viability varied among these 
tests. 

DISCUSSION 


The results of these studies indicated that B. subtilis 
spores and radioactive S** constituted excellent tracers 
‘for S. marcescens and P. tularensis aerosols and thus 
presumably for a wide range of vegetative forms. 

One might question the use of B. subtilis spores as a 
purely physical tracer under the conditions described. 
However, we have not been able to demonstrate in any 
‘of our tests that the spores germinate and become sus- 
} ceptible to environmental conditions during aerosoliza- 
Ftion or during the life of the cloud. Samples of the 

gerosol at ages up to 30 min have been assayed, heat 
' chocked, and again assayed with no discernible decrease 
1 in viable numbers. The similarity of decay rates as 
\ estimated by spores and by isotopes is further evidence 
that the B. subtilis spores are a suitable physical tracer. 
: Extreme caution should be followed in altering tracer 
concentrations. Although it may be desirable from the 
( standpoint of greater sensitivity to increase concentra- 
tions of either B. subtilis spores or S**, one may alter 
the characteristics of the test suspension to such an 
extent that the results obtained may be artificial or, 
in the case of isotopes, the safety hazards may increase 
to the point where operation is no longer feasible. 

With respect to S**, concentrations were restricted 











ture* so that the aerosol did not contain amounts in excess 
mem) 90 the maximal permissible limits for workers in con- 
trolled areas. In other words, a worker could have 
32 | Decay entered the test unit during the conduct of trials with- 
out serious exposure. Although the aerosol concentra- 
“% “min © tion could be increased without undue health hazards, 
_ | there would be a concomitant increase in safety prob- 
42) 1.07 Fi ioms associated with handling the culture before dissem- 
75 | | ination, with assaying the samples where the activity 
|has been concentrated in a small liquid volume, and 
with the disposal of the aerosol. 
ace In choosing between S*° and spores one must con- 
sider not only the factors discussed previously but also 
» the relative sensitivities which can be obtained. In 
“y Peat’ Hi these studies the spores were employed at a concentra- 
et | Rad tion of 2X 10° per ml. The quantity of S** employed 
‘in| min J E014 me per ml) yielded counts in the mixtures of 
2 | 8.72 
0) | 5.92 
7 | 3.30 ¢ 
4 | 6.32 
| 


action of 
liameter 





PHYSICAL TRACERS FOR BACTERIAL AEROSOLS 





251 





about 1.55 X 10’ per min per ml. Since the minimal 
count in our studies, after adjustment for normal back- 
ground radiation, was chosen to be 50 cpm per ml, 
whereas the minimal bacterial count is 150 organisms 
per ml (plating 0.2 ml), the relative sensitivity differ- 
ence was about 48:1 in favor of the spore method. How- 
ever, different safety concepts could alter this relation- 
ship to a considerable degree in either direction. Also, 
of course, it is entirely feasible to concentrate the S** 
by evaporation of the entire sampler contents (20 ml). 
This would, in our tests, have resulted in a 20-fold 
increase in S* count. 

It should be mentioned that experimental errors as 
determined by trial to trial differences were found to be 
similar for both S*° and spores. It was also found that 
the time lapse between sample collection and comple- 
tion of assay was about the same for each type of tracer. 


SUMMARY 


Procedures for estimating physical decay rates in 
aerosols were developed employing Bacillus subtilis 
var. niger spores and radioactive S* as physical tracers 
in intimate mix with the test organism. It was deter- 
mined that viability of Serratia marcescens and Pasteu- 
rella tularensis was not affected by intimate contact 
with the tracers at 4 C for 24 hr. Similarly, the aerosol 
characteristics of these organisms were not affected 
by the presence of appropriate concentrations of tracer 
materials. The spores do in fact undergo physical decay 
only, as evidenced by the lack of vegetative forms in 
aerosol samples. Both B. subtilis spores and S* re- 
sulted in decay rate estimates similar to the physical 
decay estimated from P® intracellular tracer. 


REFERENCES 


Harper, G. J., Hoop, A. M., aNnp Morton, J. D. 1958 Air- 
borne micro-organisms: a technique for studying their 
survival. J. Hygiene, 56, 364-370. 

May, K. F. ano Druett, H. A. 1953 The pre-impinger: a 
selective aerosol sampler. Brit. J. Ind. Med., 10, 142-151. 

Ray, F. E., Jr. 1959 A freon-tight chamber for quantitative 
studies of aerosols of infectious micro-organisms. Ab- 
stracts of Papers, 136th Meeting, American Chemical 
Society, Atlantic City, New Jersey, September 13 to 18, 


1959. 
Tyter, M. E. anp Suire, E. L. 1959 Bacterial aerosol 
samplers. Appl. Microbiol., 7, 337-349. 





1961) 





he comy 

e . e e . zs e e » ° ne atl 
Production of Penicillin with Waste Mycelium of Penicilli:m vat 

was { 1e 

chrysogenum as the Sole Source of Nitrogen Effect 

Fi ” g) 

‘ ae hefore 

D. Guosn! ann B. N. Ganeutti re | 

mi): (a 

Biochemistry Division, Antibiotics Research Centre, Hindustan Antibiotics Ltd.., Pimpri, Poona, India acid hy 

. . . - pressure 

Received for publication September 16, 1960 Bice 

(a9 N 4 

oe ; ; 4 . ? : : clave; ( 

In a preliminary communication (Ghosh, 1959) it autoclave at 120 C for 30 min. Mycelial dry weight pose! 

, ; ‘ aoe : i : F : : en 

was reported that fresh and wet mycelium of Penicil- was determined by filtering under suction, washing _ 
. ° . . ° . . ° 5 yee 

lium chrysogenum, as obtained from a rotary filter in a once with 0.1 n HCl and twice with water, and finally ve fi 
cent ve : : : nts 

penicillin plant, could be well utilized as the sole source drying overnight at 90 C. “ Ht 

of nitrogen for penicillin production by the mold either poi 
: ‘ : . SOTTT MG advan 

in shaken flask or in aerated and agitated large fermen- RESULTS - 
se ‘ : ' ; ate : : mie 

tors. The waste mycelium did not need any pretreat- Comparative penicillin yields in control and mycelial : ¥ 
. : . 4 ac «Ai ° ; vzet 

ment whatsoever and could be directly incorporated medium. Analysis of fresh mycelial mat as obtained 9° 


into the fermentation medium and sterilized as usual. 
The details of this investigation are presented here. 


MATERIALS AND METHODS 


Strains of P. chrysogenum. Strains HA-3 and HA-3C 
(selections from Wisconsin 51-20), HA-6 and HA-9 
(selections from a Russian strain) were used. 

Inoculum. Aqueous suspensions of 10 to 20 million 
spores obtained from an agar slant were used to inocu- 
late 100 ml of seed medium in 500-ml flasks. 

Seed medium. The medium contained, per L: sucrose, 
20 g; corn steep liquor (50 per cent), 31.6 g; CaCOQs, 
3.2 g; NaNOs, 2.8 g; KH2PO,, 0.31 g; MgSO,-7H.0, 
0.068 g; pH 5.5 before sterilization. In mycelial seed 
medium, 50 g of fresh mycelial mat were used in place 
of corn steep liquor. Ten milliliters of 48-hr seed were 
used for inoculating 100 ml of fermentation medium 
in 500-ml flasks. 

Fermentation medium. (1) Control medium (per L): 
lactose, 40 g; corn steep liquor (50 per cent), 10 g; 
peanut meal, 30 g; CaCO;, 6 g; NaSO,, 1.2 g; 
MgS0O,-7H.0, 0.068 g; pH 6.6 to 6.8 before sterilization. 
Groundnut oil (1 ml) containing 3 per cent octadecanol 
was used as antifoam. Phenylacetic acid (1 g per L) 
was added in the medium as precursor unless otherwise 
indicated. 

(2) Mycelial medium: fresh and wet mycelial mat 
(20 g per 100 ml of medium, unless otherwise men- 
tioned) was used in place of corn steep liquor and pea- 
nut meal in the above medium. 

Analytical procedures. Penicillin was estimated by a 
modified iodometric method of Alicino (1946) and 
occasionally checked against cup plate bio-assay using 
Bacillus subtilis. pH was determined by glass electrode. 
Lactose was estimated by the method of Shaffer and 
Somogyi (1933) after hydrolysis with 2 n HCl in the 

1 Present address: Central Drugs Laboratory, Government of 
India, Calcutta, India. 
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from the rotary filter has shown it to have a crude 


protein content of about 44 per cent on a dry basis] 
(Deshpande et al., 1958). Total nitrogen in 20 g of the) 
fresh mycelium (dry matter, 15 to 20 per cent) was {J Ei 
nearly the same as provided by corn steep liquor and }j 2 
peanut meal in the control medium. Penicillin prodwe- | 
tion with waste mycelium as nitrogen source was, 
therefore, studied by substituting corn steep liquor and 
peanut meal of the control with 20 parts wet mycelium 
per 100 ml of medium. Results of typical experiments 
using two different strains of P. chrysogenum and their Sone 
mycelium are shown in table 1. There was no pretreat- Fy ¢o¢1 
ment of mycelium and it was sterilized along with the § at 15 
other constituents of the medium as usual. Although F Acid h 
penicillin production in mycelial medium was somewhat f “!kali 
slower in the beginning the maximal yield was, how- | — 
ever, the same as in control medium. In mycelial me- F ne 
dium pH was better controlled and autolysis of live | 
mycelium was also delayed considerably. The deal} *P 
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mycelium, added as a media constituent, appeared to} salt in 
TABLE 1 
Comparative penicillin yields in control and mycelial 
media* 
Penicillium chrysogenum HA-3C Penicillium chrysogenum HA-6 , cont 


Mycelial 
medium 


Hour | Control medium |Mycelial medium+| Control medium 
Penicillin) pH Penicillin) pH /Penicillin) pH |Penicillin) pH 


units/ml units/ml units/ml units/ml 


72 1330) 6.2| 1290| 6.2 | 1290 1190 t 

96 2280 6.8 1970 6.5 2060 7.3 1700 7.4 
120 2950 7.9 2800 7.3 2320 8.0 1740 | 7.5 is 
144 2300 8.2 2800 7.4 2830 8.1 2980 | 7.6 f 7 
168 3060 | 7.7 

* Precursor used: 0.1 per cent phenylacetamide initially in 


the medium. 
+ Mycelial medium contained 20 per cent wet mycelium 4 
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TABLE 2 


nentation. Microscopic appearance of the new mold 
yas the same as in the control medium. 

Effect of pretreatment of mycelium. Fresh mycelium 
»” g) was subjected to the following pretreatments 
before incorporation into the mycelial medium (100 
ml): (a) autoclaving for 30 min at 15 lb pressure; (b) 
aid hydrolysis with 0.5 N H»SO, for 30 min at 15 Ib 
pressure in the autoclave; (c) alkaline hydrolysis with 
5 x NaOH for 30 min at 15 lb pressure in the auto- 
cave; (d) exposure to ammonia for 1 hr in a desiccator. 

Penicillin productions with fresh and_ pretreated 
mveelium are shown in table 2. In this set of experi- 
ments the fermentation medium was prepared without 
Xa80, and MgSQO,. It will be seen that no additional 
advantage was obtained by any of these pretreatments. 


Effect of different pretreatments of wet mycelium on 


penicillin yield (Penicillium chrysogenum HA-3)* 
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Penicillin Yield 


Penicillin production was very poor with alkali hydro- 
lyzed mycelium. Fresh and untreated mycelium was, 
therefore, used in all subsequent experiments. There 


Pretreatment 90 hr 114 hr 160 hr 
Penicillin) pH (Penicillin) pH |Penicillin§ pH 
units/ml units/ml units/ml 

None 1110 7.5) 1590 7.2) 2006 7.9 
Autoclaved for 30 min 

at 15 lb pressure 1060 7.1) 1450 | 7.1) 1740 | 7.7 
Acid hydrolyzed 1060 7.1) 1185 | 7.1) 1950 | 7.9 
Alkali hydrolyzed 130 | 7.5} 630 | 7.5) 686 | 7.8 
Exposed to NH, 740 6.5) 1500 i.0| goon 7.8 
None + 1° corn steep 

liquor 1160 7.1; 1590 7.1; 2090 8.0 


* Precursor used: 0.1 per cent phenylacetic 


oo Fermentation Medium 
I Control 
5% Mycelium 
10° Mycelium 
15% Mycelium 


20% Mycelium 


2 Control 
Control 
5% Mycelium 
10% Mycelium 
15% Mycelium 
20% Mycelium 


Optimal concentration of 


Seed Medium 


Control 
Control 
Control 
Control 
Control 


Control 

Mycelial 
Mycelial 
Mycelial 
Mycelial 
Mycelial 


acid as sodium 
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was no increase in titer by nitrogen supplementation 
in the form of 1 per cent corn steep liquor indicating 
that the quantity of the dead mycelium provided 
enough nitrogen for growth of the mold and for penicil- 
lin production. 

Optimal concentration 
penicillin with varying 
(5 to 20 per cent) was studied using seed inoculum 
prepared in control seed medium as well as in mycelial 
seed medium in which 5 per cent fresh mycelium was 
used in place of corn steep liquor. From the results 
presented in table 3, it is evident that for production 
of seed inoculum corn steep liquor (3.16 per cent) in 
the seed medium could be successfully replaced by 
5 per cent fresh mycelium. Seed growth in mycelial 
seed medium was excellent in 48 hr and penicillin pro- 
duction with this seed inoculum was as good as, if not 


of mycelium. Production of 
amounts of fresh mycelium 


better than, with the control seed inoculum made in 
corn steep medium. Regarding the optimal quantity of 
fresh mycelium, it appeared that 20 g per 100 ml of 
medium provided adequate nitrogen supply and gave 
the best yield. Maximal penicillin titers in 20 per cent 
mycelial medium was higher than in control medium; 
pH was also better controlled in the former medium. 
Optimal concentration of precursor. With the strains of 
P. chrysogenum and under the fermentation conditions 
employed in this study it was observed that in control 
medium the optimal precursor concentration was 0.1 
per cent (phenylacetic acid or phenylacetamide). This 
amount of precursor incorporated into the medium 
before sterilization gave equally good yields of penicillin 
when compared to addition of precursor in divided 
doses at intervals during fermentation. Mold growth 
was not inhibited when the precursor was added initially 
in one lot. With the mycelial medium, 0.1 and 0.2 
per cent of precursor added initially gave equally good 
titers (table 4). Phenylacetic acid could be added 
to the medium either as it is or as a solution of sodium 


TABLE 3 


wet mycelium (Penicillium chrysogenum HA-9) 


72 hr 96 hr 120 hr 144 hr 168 hr 
Penicillin pH Penicillin pH Penicillin pH Penicillin pH Penicillin pH 
units/ml units/ml units/ml units/ml units/ml 

1075 7.50 1830 7.12 2300 8.00 2000 8.15 - 
1080 7.02 1765 7.15 910 7.02 760 7.10 920 7.02 

832 7.20 1355 7.25 1250 | 7.10 1450 7.15 1600 7.03 
1561 7.35 1690 7.30 1720 | 7.30 2020 7.25 2320 7.18 
1497 | 7.35 1958 | 7.35 | 2275 | 7.35 | 2675 | 7.40 | 2950 | 7.35 
1400 7.10 1554 7.40 2050 8.00 2360 8.10 
1300 7.70 1420 7.50 2480 8.00 2530 8.00 - 

790 7.20 1135 7.00 1100 7.20 1200 7.15 1240 7.05 
1140 7.40 1554 7.10 1730 | 7.35 1810 7.10 1890 7.10 
1300 7.20 1690 7.00 2010 | 7.50 2520 7.15 2275 7.20 
1010 7.40 1690 6.85 7.30 2700 7.00 2450 7.40 


2070 | 
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TABLE 4 


Optimal concentration of precursor for mycelial medium (Penicillium chrysogenum HA-9)* 


72 hr 
Precursor 


Penicillin pH 


units/ml 


PAA? solid, 0.1% 1560 


1.5 
PAA? solid, 0.2% 1534 7.5 
PAmideft solid, 0.1% %.. 1742 7.5 
PAmidet solid, 0.2 1378 7.1 
PAA solution§ 0.1% 1534 7.4 
4.0 


PAA solution§ 0.2% 1456 


* Precursors were added initially in the medium before sterilization. 


+ Phenylacetie acid. 
t Phenylacetamide. 
§ Phenylacetice acid as solution of sodium salt. 


TABLE 5 
Recycling of mycelium and penicillin yield (Penicillium 
chrysogenum HA-9) 


Control Medium Mycelial Medium 
No. of 
Recycling 


Maximal yield Hour Maximal yield Hour 


units/ml units/ml 


I 2680 120 3150 120 
2 2520 120 2572 168 
3 2072 168 2032 168 
4 2200 120 2300 168 
5 2114 144 2240 168 
6 2450 144 1330 144 
7 2800 144 1440 144 


8 2800 144 1500 144 


salt. From an operational point of view, addition as an 
acid (solid) was more convenient. 

Recycling of mycelium. It was of obvious interest to 
determine if the new mycelium formed at the end of 
fermentation at the expense of the dead mycelial nitro- 
gen could be used over and over again as the sole source 
of nitrogen in subsequent fermentations. It was reason- 
able to expect that the chemical composition of at least, 
a few successive batches of new mycelium would not 
be unfavorably altered as far as its utilization as a 
nitrogen source for penicillin production with a normal 
seed inoculum was concerned. The results of such a 
study involving recycling of mycelium in eight suc- 
cessive fermentations are presented in table 5. Twenty 
grams of freshly filtered (Buchner filter under suction) 
mycelium from the first batch of fermentation was 
used as the sole source of nitrogen per 100 ml of fermen- 
tation medium in the second batch, and so on. Maxi- 
mal penicillin yields were compared with control 
fermentations in each recycling. It is evident that the 
mycelium could be recycled at least five times without 
any loss in titer. Further recycling appeared to make 
the newly formed mycelium nutritionally deficient as 
far as penicillin production was concerned. Nitrogen 
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jon. In this experiment, penicillin yield was higher in 
mycelial medium than in control medium. 

Penicillin production in a 500-gallon fermentor in 
nycelial medium. Table 6 shows the results of the first 
trial run in a 500-gallon, stirred and aerated, fermentor 
using the mycelial medium seeded with 10 per cent 
volume of seed inoculum grown in control seed me- 
dium. The fermentor was of a conventional design 
wing motor-driven agitator and fitted with a circular, 
perforated air sparger at the bottom. The rate of aera- 
tion was 0.4 to 0.7 volume per volume per min. Due 
to the presence of dead mycelium in the medium, there 
was practically no foaming problem. Phenylacetamide 
(0.1 per cent) initially in the medium and 0.05 per cent 
phenylacetic acid (as sodium salt) at 72 hr were used 
as precursor. A penicillin titer of 2600 u per ml was 
obtained in 120 hr. This experiment was merely a 
scaling up of shake flask results. Under the optimal 
conditions of fermentation in an aerated and agitated 


fermentor a much higher titer might be expected. 


DISCUSSION 


During the very early studies on penicillin produc- 
ition, waste mycelium was found to have a growth- 
stimulating property similar to that of corn steep 
liquor. Waste mycelium has been tested by a number 
fof research workers. From personal conversations, the 
authors have learned that growth-stimulating activity 
similar to that of corn steep liquor was observed. How- 
ever, prior to the author’s preliminary report (Ghosh, 
1959), there is no publication regarding the use of this 
waste product as nitrogenous raw material for penicillin 
fermentation. In a large penicillin producing plant 
' disposal of this waste product is often an industrial 
problem. The present investigation has shown the 
possibility of using this waste mycelium as an excellent 
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Penicillin production with mycelial medium in 500-gallon 
fermentor (Penicillium chrysogenum HA-6) 


Fer tion | Residual Lactose pH Penicillin 
/ c units/ml 
1] 3.2 6.8 900 
65 2.2 6.9 1900 
89 Be 4 7.0 2150 
113 0.7 7.0 2500 
120 nil 7.0 2600 





WASTE MYCELIUM IN PENICILLIN PRODUCTION 255 





nitrogenous raw material particularly in regions where 
good quality of corn steep liquor might be in short 
supply. Since the mycelium does not need any pre- 
treatment and since the quantity of mycelium needed 
for a fermentation is about the same as is obtained in a 
normal fermentation batch, the handling and disposal 
of this raw material could be simplified by merely 
varrying the mycelial mat from a rotary filter on con- 
veyer belts and adding it directly to media preparation 
tanks. It would be interesting to determine how many 
times the mycelium could be recycled in tank fermenta- 
tions without sacrificing yield. Use of 15 to 20 parts of 
wet mycelium in fermentors did not give rise to any 
problem in sterilization, foam control, filtration, ex- 
traction, and crystallization. A number of fermentations 
in 5000-gallon production fermentors have also been 
very successfully carried out using about 5 parts of wet 
mycelium in full replacement of corn steep liquor in 
otherwise complete medium. 


SUMMARY 


Waste mycelium of Penicillium chrysogenum as 
obtained after filtration of penicillin fermentation broth 
has been shown to be well utilized as the sole source of 
nitrogen for penicillin production in shaken flasks as 
well as stirred and aerated fermentors. The fresh and 
wet mycelial mat did not need any pretreatment what- 
soever and could be directly incorporated into the 
fermentation medium and sterilized as usual. 

In shaken flask fermentations the mycelium could 
be recycled as many as five times without sacrificing 
penicillin titer. 

Use of this industrial waste as nitrogenous raw ma- 
terial in penicillin fermentation is discussed. 
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Ethylene oxide (ETO) in the form, ‘“‘Cryoxcide,’’! is 
used to sterilize surfaces and objects that cannot be 
treated with heat or corrosive chemicals. Cryoxcide is 
a gaseous formulation consisting of 11 per cent of 
ethylene oxide, 44.5 per cent of trichloromonofluoro- 
methane (Freon 11), and 44.5 per cent of dichlorodi- 
fluoromethane (Freon 12). Cryoxcide is used at this 
laboratory to sterilize sensitive equipment that might 
be contaminated with foot-and-mouth disease virus. 

Sterilization was performed in the following manner. 
The contaminated equipment was placed in a gas 
autoclave at 78 F for 30 min at 40 per cent relative 
humidity. Cryoxcide was admitted into the chamber 
to a pressure of 11 lb per sq in. and the equipment 
was maintained for a 5-hr exposure under these con- 
ditions. 

An office calculating machine from a contaminated 

‘“Cryoxcide”’ is the trade name of a product made by 
American Sterilizer Company, Erie, Pennsylvania. 


Preservation of Microorganisms by F reeze-drying 


ice, 


area was exposed to gaseous ETO, and some of the 
plastic parts were badly damaged and softened. Sam. 
ples of the thermoplastics used in the machine were 
obtained from the manufacturer. The plastics were 
Tenite, a cellulose acetate butyrate; Styron 480, a 
polystyrene resin; and Zytel 101, a nylon resin plastic. 
Samples of these plastics were placed in the gas auto- 
clave and subjected to the gaseous sterilization pro- 
cedure described above. The Styron and Tenite samples 
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were damaged, but the Zytel sample was not. Plastic § grown 


samples were also placed in pure Freon 11 for 5 hr at 
37 C; the Styron sample was the only one damaged 
by such treatment. Pure Freon 12 was not tested on 
these samples. Other plastic samples were immersed 


in liquid ETO at 25 C for 4 hr. The Styron and Tenite § 


samples were damaged severely, but again the Zytel | 
plastic was undamaged. 

This information shows the need for testing the effects 
of ETO and Freon 11 before using Cryoxcide on plastic 
materials. 
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In an earlier paper (Benedict et al., 1958) experi- 
ments were presented on cell supernatant, Naylor- 
Smith solution, and salts of various organic acids as 
stabilizers for Serratia marcescens subjected to freeze- 
drying. In this paper, we report the contribution of 
atmospheric oxygen to the death of dried S. marcescens 
cells when exposed to air before rehydration as opposed 

1 This work was supported by a contract with the Chemical 
Corps, Fort Detrick, Frederick, Maryland. 

2 This is a laboratory of the Northern Utilization Research 
and Development Division, Agricultural Research Service, 
U.S. Department of Agriculture. 





to rehydration under vacuum. We also report on a 
variety of other substances as stabilizers for S. marces- 
cens. These include urea and related compounds, dex- 
tran, mucin, and bovine serum. Upon completion 0 
experiments with S. marcescens, we proceeded to apply 
some of the more effective stabilizers to cells of more 
sensitive organisms: Two yeasts, Saccharomyces cap- 
strain NRRL 
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Pseudomonas aureofaciens strain no. NRRL B-1548P 
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\ithough the two yeasts were usually killed by freeze- 
drving 10 bovine serum, a percentage of cells of the 
jan bacteria normally survived without difficulty. 
Bovine serum, which is ordinarily employed as the 
protective Menstruum in the lyophilization of cultures 
of the ARS Culture Collection, was used as a standard 
medium for comparison. We believe that the techniques 
employed to increase the percentage of dried viable 
cells or spores of the sensitive strains may be applicable 
to other cultures. 


MATERIALS AND METHODS 


S. marcescens strain no. NRRL B-1481, obtained as 
strain 8 UIX from the Chemical Corps Biological Lab- 
oratories, was used. The techniques for propagation, 
dehydration, rehydration, plating, and counting this 
organism were described (Benedict et al., 1958). 

S. capsularts Y-676 and FE. ashbyii Y-1363 
vrown in MY medium consisting of 0.5 per cent pep- 


were 


tone, 0.3 per cent malt extract, 0.3 per cent yeast ex- 
tract, and 1 per cent glucose, with no adjustment of 


ithe pH. Counts of viable cells were made on plates 


of this medium with 2 per cent agar. 

P. aureofaciens NRRL B-1543P was cultivated in 
shaken flasks in a medium consisting of 2 per cent 
peptone, | per cent glucose, and 0.5 ml each of solutions 
of Speakman salts A and B per 100 ml, adjusted to 
pH 7.7. Speakman salts are usually made up in the 
form of two solutions as follows: solution A: KsHPOs,, 
10 per cent and KH.PO,, 10 per cent; solution B: 
MgSO,-7H2O, 4 per cent; NaCl, 0.2 per cent; 
FeSO4-7H2O, 0.2 per cent; MnSO,-4H,0O, 0.2 per cent. 
The medium for L. mesenteroides NRRL B-512F con- 
tained 0.5 per cent yeast extract, 0.25 per cent tryptone, 
0.5 per cent glucose, and 0.5 per cent KsHPO,, ad- 
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justed to pH 7.4. Strain B-1548P colonized well on the 
plating medium for S. marcescens; strain B-512F was 
plated on the medium employed for shaken flasks 
except that sucrose was substituted for the glucose and 
that the medium was solidified by the addition of 2 
per cent agar. 

lifty milliliters of medium seeded with culture ma- 
terial from a stock slant were incubated on a recipro- 
cal shaker for 24 hr and used to inoculate 500-ml 


) quantities of media in plain Fernbach flasks. The 


bacterial cells were harvested after 24-hr growth on the 
reciprocal shaker; the yeasts, after 48 hr. Amounts 
(2 or 3 ml) of the cell concentrate-stabilizer mixture in 
15-ml serum bottles were freeze-dried for 18 hr in an 
NRC 
15 to 25 w. Unless otherwise noted, the standard drying 
schedule the 
employed. 


unit no. 3501,° at a final chamber pressure of 


described in preceding paper was 


\ational Research Corporation, Newton, Massachusetts. 
he mention of trade name products does not imply endorse- 
ment of these over others of equal quality. 
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RESULTS 


Proof that the ratio of viable cells of S. marcescens 
to stabilizer level prior to drying markedly affects the 
percentage of cells that survive drying was established 
in our previous paper. Naylor-Smith solution was 
employed as the stabilizing agent. Briggs et al. (1955) 
made a similar observation with regard to the survival 
of Lactobacillus acidophilus and Lactobacillus casei 
dried in horse serum plus 8 per cent glucose. Further 
evidence of this dependence was obtained as we pur- 
sued our investigation. For example, water-washed 
cell preparations of S. marcescens with initial counts 
of 192 & 10°, 68 X 108, and 33 X 10’ viable cells per 
ml suspended in bovine serum gave survivals of drying 
of 56, 100, and 100 per cent, respectively. 

Effect of oxygen on death rate of dried cells. Most 
investigators agree that preservation of cultures by 
freeze-drying under high vacuum, with subsequent 
sealing of vials or tubes at a pressure of 0.01 mm Hg 
or lower, gives the best results. Storage under nitrogen 
is less desirable according to Rogers (1914) and Naylor 
and Smith (1946). Storage in air or in oxygen leads to 
rapid killing of dehydrated cells. Losses amounting to 
74 per cent in viability of S. marcescens stored under 
“treated nitrogen” for 49 days as reported by Naylor 
and Smith (1946) seemed excessive, since nitrogen is 
inert. We chose an alternative method of studying the 
death rate of dehydrated cells of S. marcescens. The 
rubber stoppers in the bottles were punctured with 
hypodermic needles, so that the contents were exposed 
to air for varying periods of time prior to rehydration. 
The volume of spun-frozen, cell-stabilizer mixture 
was reduced to 2 ml to give a thin layer in each bottle. 
Cells stabilized in 0.05 Mm Na-acetate and 14 per cent 
supernatant culture liquor were dried and thereafter 
exposed to air at intervals ranging from 0 to 40 min; 
the temperature was 75 F, and the relative humidity 
(RH) 50 per cent. The cells proved to be extremely 
sensitive to these conditions (table 1). 

When the percentage survivals are plotted against 
exposure time on log-log paper, a straight line is ob- 
tained. An experiment was set up to determine the 
loss of viability of dried cells in dry air at O per cent 
RH, in laboratory air at 50 per cent RH with and with- 
out antioxidants, with antioxidant without exposure to 
air, and under N» gas at 50 per cent RH. Tests were 
made in tight, dry boxes each containing a Serdex 
hygrometer as an RH indicator. Gloved ports enabled 
the operators to work in a dry atmosphere, puncture 
stoppers, and rehydrate cells after 10-min exposure. 

The results (table 2) indicate that exposure to dry 
air at 0 per cent RH under the stated conditions caused 
the same loss in viability as exposure to air at 50 per 
cent RH. On the other hand, exposure to wet nitrogen 
gave survivals equal to those of the unexposed controls. 
When the cells were protected from oxygen damage 
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by the inclusion of antioxidants, survival was the same 
as in the unexposed control. Oxygen appears to con- 
tribute most, if not entirely, to the death of cells and 
humidity, little or nothing. Nitrogen at 50 per cent 
RH was inert. When dried preparations are covered 
with water (solution), apparently the water protects 
the cells by excluding excessive amounts of oxygen. 
Urea and related compounds as stabilizers. When 
previous study indicated that thiourea contributed a 
major portion of the drying protection afforded by 


TABLE 1 
Effect of various times of exposure to air at 75 F and 50 per cent 
RH on viability of unwashed Serratia marcescens 
cells after drying* 


Viable Cell | Survival 
Count and 95% | Obtained, 








_Mean 
ee Sonidence,” | survivatt | Taking the 
Drying 100% 
X 109/ml % | % 
Control cells—rehydrated | | 
immediately after drying, 
without exposure..........| 206 + 25) 44.6 — 
Cells exposed 5 min prior to 
rehydration. . vosesecs.] B08 x 25] 10.8 24} 
Exposed 10 min.............| 206 + 25 5.4 12 
Exposed 20 min ...--| 206 + 25 2.2 5 
Exposed 40 min.............| 206 + 25 0.8 2 


ae ells stabilined with 0.05 M Na a-acetate and 14 per cent 
supernatant liquor prior to drying. 

+ The values are means of 5 replicates. 
tained 2 ml of cell-stabilizer mixture. 

t Approximately 22.2 X 10° per ml viable cells left out of 
92 X 10° per ml in the control, or 24 per cent alive, 76 per cent 


killed. 


Each bottle con- 


TABLE 2 


Effects of oxygen, moisture, and antioxidant on viability 
of unwashed Serratia marcescens cells after dr rying® 


Viable Cell 
Count and 95% 





Treatment Confidence Ss — lt 
Limits before ee 
Drying 
X 10% ml % 


Control cells rehydrated immediately 

after drying ; 166 + 14 47 
As in control above, but exposed to air 

for 10 min at 75 F and 50% RH 166 + 14 5. 
As in control, plus 0.5% each of Na- 


thiodipropionate and morpholino- 

hexose reductone, not exposed to air 172+ 13) 56 
As above, but exposed for 10 min to air 

at 75 F and 50% RH ; 172 + 13 58 
As in control, but exposed to dry air 

(RH = 0%) for 10 min... 166 + 14 6.6 
As in control, but exposed to Ne with 

50% RH for 10 min.... oe 166 + 14) 46 


* Cells stabilized with 0.05 m Na-acetate 
supernatant liquor prior to drying. 

+ The values are means of 6 replicates. Each bottle con- 
tained 2 ml cell-stabilizer combination. 


and 14 per cent 
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Naylor-Smith stabilizer,‘ a trial was mad 
per cent urea as the drying protectant for wa 
The recoveries averaged 78 per cent. Appar 
alone compares favorably with NS. Several 
then made with various concentrations of 


vith 05 
ed cells, 
( ly urea 
NS Were 
rea and 


related compounds as stabilizers (table 3). Acctamide 
guanidine, and semicarbazide in 1 per cent solution 


seemed about as effective as urea. Also, urea was sUp- 
plemented with each of several compounds, including 
glucose and salts of several acids. Although none oj 


the supplements alone had permitted more than 3) 
per cent survival of cells after drying, the px rcentage 
survivals obtained with the combinations ranged from 
82 to 88 per cent. However, no combination gave higher 
survival than did urea alone. 

Glucose and glucose polymers as stabilizers. Inasmuch 
as glucose had been found by us and others to be fairly 
effective in protecting S. marcescens subjected to drying, 


we extended our trials to some polymers of glucose 


* Naylor-Smith stabilizer (NS) contained 0.5 per cent each 
of thiourea, ascorbic acid, and NH,Cl. 
ignated herein as NS/2, ete. 


Half strength is des 


TABLE 3 
Effect of urea and related compounds on viability of 
washed cells of Serratia marcescens after drying 


Mean Survival* with Stabilizer Concentrations, in Per Cent 


Viable Cell ee ge <a 
Count and 95% 


eee mi- 
* ve re Urea wees ae en Acetamide 
uimits before HCl 

Drying — 

1.0 0.5 0.25 1.0 1.0 10 \ 0 

X 109/ml % % % % % o ( 
236 + 22 80 85 50 
255 + 22 83 77 — - 
232 + 22 — 78 — 81 . 62| i 
168 + 18 96 
160 + 12 — 85 92 


* The values are means of 5 replicates. Each bottle con 


tained 3 ml of cell-stabilizer mixture. 


TABLE 4 
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Glucose and glucose polymers as stabilizers of unwashed 
cells of Serratia marcescens after dr ying 





Viable Cell 


2 : Count and 95% ys Mean 
Stabilizer Employed | Confidence ether Survival’ 
Drying Drying 
X 109/ml % v7 
Control, 75% supernatant ? 
and 25°, water: ........... 214 + 19 35-49 43 
Control plus 2% glucose..... 214 + 19 47-68 59 
Control plus 2% isomaltose...| 214 + 19 | 48-59 52 
Control plus 2% isomalto- 
BNR rei Perec 214 + 19 28-38 33 
Control plus 2% dues in of 
22,500 mol wt.............| 21444 19 | 26-32 | 2 


* These values are means of 6 replicates. 
tained 3 ml cell-stabilizer combination. 
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(table 4). Tests were made with 2 per cent glucose or 
its polymer in 75 per cent supernatant which itself 
supported a mean survival of 43 per cent. Addition of 
glucose raised the figure to 59 and isomaltose to 52, 
33 per cent. Dextran, 
having a molecular weight of 22,500, was used but gave 


whereas isomaltotriose gave only 


a lower survival than the control. A negative result was 
also obtained in an additional experiment with gastric 
muein. Dextran and mucin were of particular interest 
because Miller and Goodner (1953) had proposed a 
theory that a substance could protect the cell by render- 
ing the cell wall impermeable. 

Comparative survivals of selected yeasts stabilized with 
hovine serum, urea, NS, and supernatant liquor. To 
facilitate preservation and storage of large numbers 
of cultures in our laboratory, undetermined quantities 
of spores, mycelial fragments, or vegetative cells are 
thoroughly mixed with 0.1 to 0.15 ml of sterile bovine 
serum, dispensed into small Pyrex tubes, frozen, and 
dried under vacuum. The manifold-type drier described 
by Wickerham and Flickinger (1946) and by Haynes, 
Wickerham, and Hesseltine (1955) is employed. Al- 
though the majority of yeast and mold strains with- 


‘stand freeze-drying quite satisfactorily, certain cultures 


manifested poor survival; 7.e., no viable cells were 
present immediately after drying, or after drying and 
limited storage. We selected for further tests two yeast 
cultures which were difficult to freeze-dry. 

Unwashed cell concentrates of S. capsularis NRRL 
Y-676 and EF. ashbyii NRRL Y-1363 (arthrospores) 
were processed with bovine serum, urea, NS solution, 
and supernatant liquor as previously employed for 
S. marcescens. Survivals of S. capsularts and EF. ashbyit 
were extremely poor in all instances (table 5). 

Effect of rates of freezing and thawing on viability. 
Hutton, Hilmoe, and Roberts (1951) had found that 
warming, 12.€., the temperature 
between time of freezing and initiation of the drying 


increase in ice-film 
process, markedly reduced the percentage recovery of 
Brucella abortus (strain 19). One set of bottles, frozen 
at —30 C and warmed to a predrying temperature 
of —10 C, contained only 6 per cent viable cells after 
drying; whereas duplicate sets, warmed to a predrying 
temperature of —25 C, averaged 54 per cent recovery 
of viable cells. Comparable results were reported for 
Escherichia coli by Wolff (1952) and for spores of 
Aspergillus flavus by Mazur (1953). The data suggested 
that we should alter our drying procedure to eliminate 
possible increase in ice-film temperature. To investigate 
this point and to ascertain whether the initial freezing 
temperature should be modified, we set up an experi- 
ment to determine the sensitivity of the cells and of 
urthrospores to freezing and thawing at various tem- 
peratures. Concentrates of the 2 yeast cultures in 3 
different fluids were slowly frozen at —25 C, and also 
rapidly frozen at —25 C and —65 C in Dry Ice-methyl 
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TABLE 5 


Effect of various stabilizing agents on survival of unwashed cells 


of Saccharomyces capsularis and Eremothecium ashbyii 
after drying 





Mean Survival* 


on | 
Stabilizer | S. capsularis 


E. ashbyii 
NRRL Y-676 N 


(134.9 X | Y-1363 (140 X 
| 107/mlt) 106/mlt) 

7 nat es _ % % a 
Bovine serum....... Screen cree 0.4 0.0007 
Wet BM es cs ose nn cvwtocannds | 0.04 | 0.0007 
RENAME 25 55 8 ty rates et eres aa 0.1 0.0003 
re es ko ica Sacre weeks 0.6 0.0007 
NS/2t... ent war. 0.0007 
Mestre re aoe ies et rE 1.0 0.0007 
NS/200 recite aul eae Se 0.2 0.0007 
Supernatant liquor...............<+- 0.05 0.0007 


* The values are means of 5 replicates. Each bottle con- 
tained 2.0 ml cell-stabilizer mixture spun-frozen at —45 C. 

+ Viable cell count before drying. 

INS designates Naylor-Smith solution containing 0.5% 
each ascorbic acid, thiourea, and NH,Cl. 


TABLE 6 
Effect of rates of freezing and thawing on viability of unwashed 
cells of Saccharomyces capsularis and Eremothecium 
ashbyit in serum Naylor-Smith solution (NS), 
and water 





] 
Mean Survival* with Suspending 
uid 
Rate of 
| Thaw = ace 
| Bovine re Distilled 
| serum NS H:0 
| g@ | 
| | C € € 
S. capsularis NRRL Y-676 
Slow freeze, —25 C Rt 100 50 50 
Ss 95 33 84 
Fast freeze, —25 C | | 73 50 60 
S | 70 | 30 30 
Fast freeze, —65 C R | 2.5 1.0 0 
a. |} 2 0 1.0 
E. ashbyii NRRL Y-1363¢ | | 
Slow freeze, —25 C R | 82 54 71 
Ss | 68 54 89 
Fast freeze, —25 C R 80 68 83 
Ss (5: 57 76 
Fast freeze, —65 C R 89 63 100 
s 56 19 54 


* Viable cell count before freezing was 187 X 107 per ml 


for Y-676 and 71 X 10® per ml for Y-1363. One milliliter of 
cell-stabilizer was frozen per 15-ml serum bottle. 

+ R (rapid) = 55 C per min, except when thawed at —65 C, 
R = 95C per min; 8 (slow) = 5C per min, except when thawed 
at —65 C,S = 10 C per min. 

t Approximately 95 to 98 per cent arthrospores from shaken 
flask cultures. 













260 BENEDICT, SHARPE, CORMAN, MEYERS, BAER, HALL, AND JACKSON (vor, 9 gIv61] 


















































Cellosolve baths. Aftera short holding time the mixtures of cultures, makes no mention of the effect « treezing experime 
were thawed out both slowly and rapidly, and the temperature, we suggest that the survival of sensitive feantioxide 
percentage viability determined (table 6). forms may be markedly improved by a critic: | exam). {ponent ! 
S. capsularis was extremely sensitive to freezing at nation of the survival of cells with stabilivor after Bistages be 
—65 C regardless of the rate of thawing. It was not freezing and thawing at various temperatures, For fby Brigs 
surprising that there was low survival of this organism example, if it were found that freezing at —65 C fo). Amore th: 
in the previous experiment. £. ashbyii survived in all lowed by rapid thawing killed 80 per cent of the cells stabilize’ 
the trials and was far less sensitive to freezing and thaw- as opposed to only 20 per cent if they were frozen a; dried WE 
ing at —65 C than was S. capsularis. It is concluded, —25 C, the preferred temperature would be —25 ¢ Bells to 
therefore, that the major losses experienced in freeze- Warming was also found to have a deleterious effem fof the | 
drying £. ashbyii occurred during the drying operation. on the survival of the sturdy cells of S. marcescens. Fsuggests 
To get satisfactory survival of the two sensitive When stabilized in supernatant liquor, frozen at —50 Bmately 
yeasts in the freeze-drying operation, we tried dried C, and immediately freeze-dried, cells of strain B-148) Beoncentt 
skim milk and glycerol as stabilizers, reduced the survived to the extent of 78 per cent as opposed to 33 and An: 
amount of sample, and modified the method of pro- per cent survival when they were allowed to warm wp organisr 
cessing. One milliliter of cell concentrate plus stabilizer slowly to —25 C overnight in a deep-freeze cabinet Beertain 
was frozen in each bottle at —25 C, and the bottles prior to drying. A repeat experiment produced similar Balone & 
were immediately transferred to the chilled platen at results. water a 
—25 C to avoid warming at this point. As soon as the Survivals of P. aureofaciens NRRL B-1543P and |, Wireeze-d 
chamber pressure was reduced to 100 yu, the platen mesenteroides NRRL B-512F freeze-dried with various Gexcellen 
was rapidly warmed to 30 C for Y-676 and to 39 C for stabilizers. These bacteria were not as difficult to freeze. Bdrying, 
Y-1365. After 5-hr drying the cultures were rehydrated dry as the yeast or yeastlike cultures previously dis J The | 
and diluted for counting. The results are shown in cussed. Cell concentrates of P. aureofaciens and I. fits cult 
table 7. mesenteroides were stabilized with bovine serum and Bduplica 
It appears that changes in processing technique were with both urea and NS solution at various concentra. and the 
beneficial because survival in bovine serum was at tions (table 8). without 
least severalfold better than that reported in table 5. Survivals under comparable conditions were inter- Four rest 
Addition of 2 per cent glucose to the bovine serum mediate of those found for S. capsularis and EL. ashbyii Plier for 
increased survival of S. capsularis and E. ashbyii on the one hand and for S. marcescens on the otherfcan be 
another fivefold, to 11.5 and 2 per cent, respectively. hand. Best results were obtained with bovine serum, —minatic 
Survivals of 4.5 and 8 per cent were obtained with the next with urea, and poorest with NS solution. of a gi 
medium containing 5 per cent skim milk and 2 per cent The 
glycerol. Skim milk was definitely improved by the Discussion contrib 
addition of glycerol. The value of antioxidants in protecting dried cell four ex) 
Although Fry (1954), in his review of freeze-drying exposed to dry or moist air seems evident from thefand P. 
Aw 

TABLE 7 TABLE 8 marces 

Effect of various stabilizers on viability of unwashed cells of Viability of unwashed cells of Pseudomonas aureofaciens anl> Sharp 
Saccharomyces capsularis and Eremothecium ashbyii Leuconostoc mesenteroides when dried in bovine serum, cals su 

after drying* urea, or Naylor-Smith stabilizer (NS) 

sii and th 

Mean Survivalt Mean Survival’ readily 

in the 

Stabilizer S. capsularis E. ashbyii Stabi-*zer P. aureofaciens |L. mesentervid ; 

NRRL Y-676 | NRRL Y-1363 NRRL B-1543P NRRL B 512 I substa’ 

1 mit) 108 mis) 10°/mit) 100 mit during 

> ' ; effect « 

Bovine serum 2.3 0.34 Bovine serum 27.5 57.9 crystal 
Bovine serum + 2 glucose 11.5 2.0 Urea, 1% 8.6 outsid 
5% Skim milk solids + 2% glycerol 1.5 8.0 Urea, 0.5% 29.3 12.2 additin 
5© Skim milk solids + 1°% glycerol 3.1 2.5 Urea, 0.25% 35.5 10.5 reduce 
5% Skim milk solids + 0.5% gly- Urea, 0.025% 19.2 Subst: 
; cerol 2.1 0.7 NS 4.9 minim 
5° Skim milk solids alone is 0.007 NS/2 ie 10.8 Atrio 
Distilled H.0 0.4 0.005 NS/10 beh tes | 3.9 | 10.2 ieem 
NS/20 eee 19.3 Los: 

* Drying for 5 hr instead of usual 18 hr. : can by 

+ These values are means of 5 replicates. Each bottle con- * These values are means of 5 replicates. Each bottle ¢o! (b) da 

tained 2 ml of cell-stabilizer mixture. tained 2 ml of cell-stabilizer combination. 

t Viable cell count before drying. 7 Viable cell count before drying. dryer, 
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experiments done on that phase of the problem. An 
aitioxidant might prove of value as a stabilizer com- 
ponent for sensitive organisms that are dried in two 
sages between which the vacuum is broken as employed 
py Briggs et al. (1955). Although they did not obtain 
more than 10 per cent survival of certain lactobacilli 
gabilized with NS solution, the number of lactobacilli 
dried was low, @.e., 1 X 10° per ml, and the ratio of 
wlls to NS levels was not investigated. Extrapolation 
of the NS graph in figure 3 of our preceding paper 
suggests that we should not expect more than approxi- 
mately 7 per cent survival of S. marcescens with full 
concentration of NS for 1 X 10° cells per ml. Haskins 
and Anastasiou (1953) also reported on drying micro- 
organisms in a two-stage system. They suggest that 
certain mold spores survive drying better with water 
alone as adjuvant, but our experience indicates that 
water alone does not protect bacteria or yeasts during 
freeze-drying. Although dextrin-free NS solution gave 
marcescens during freeze- 
drying, it poorly protected the other cultures used. 


excellent protection to S. 


The excellent protection afforded S. marcescens by 
its culture liquor, which we noted earlier, was not 
duplicated in experiments with the two sensitive yeasts 
and their respective supernatants. Although urea was 
without effect as a drying protection for the two yeasts, 
our results suggest that it has much promise as a stabi- 
lizer for some bacteria. Apparently maximal protection 
can be attained, as for other materials, only by deter- 
mination of the amount needed for the given population 
of a given organism. 

The popular concept that protective colloids should 
contribute to survival does not appear to be valid for 
our experiments with S. marcescens, L. mesenteroides, 
and P. aureofaciens. 

A wide variety of chemical compounds protects S. 
marcescens strain B-1481 during the drying process. 
Sharp lines of structural demarcation between chemi- 
cals supporting 70 to 90 per cent survival after drying 
and those giving only 1 to 10 per cent survival are not 
readily perceived. Although many factors are involved 
in the freeze-drying process, most low molecular weight 
substances appear to protect the cells from damage 
during the freezing operation by’ their cumulative 
effect on the freezing point, the number and size of ice 
crystals, and their rate of formation, both inside and 
outside the cells. Meryman (1956) has pointed out that 
additives may pass into the cell, bind free water, and 
reduce crystallization velocity during rapid freezing. 
Substances such as glucose, urea, and sodium citrate 
minimized intracellular crystal formation in the rapid 
lreezing of erythrocytes. 

Losses of viability in freeze-drying microorganisms 
can be attributed to: (a) losses during initial freezing, 
(b) damaging effects of warming prior to placing in the 
dryer, (c) deleterious action during the drying process 
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itself, and (d) losses occurring at the moment of rehy- 
dration of the dried cells. Losses listed under (a), (b), 
and (d) can be minimized by carefully controlling these 
stages of the operation. 


SUMMARY 


The oxygen of air was found to kill 95 per cent of 
dried Serratia marcescens in 10 min. Certain reducing 
agents prevented the action of the oxygen. Humidity 
seemed to play no role in the phenomenon. Urea and 
several of its derivatives protected S. marcescens during 
the drying process. 

Glucose and isomaltose improved the protecting 
action of supernatant liquor; isomaltotriose and dextran 
(and mucin) did not. 

Attempts to freeze-dry Saccharomyces capsularis and 
Eremothectum ashbyti gave very poor results. A study 
of these two organisms subjected to freezing and thaw- 
ing without drying showed that S. capsularis was 
mostly destroyed when frozen at —65 C, perhaps be- 
cause of its large size. Otherwise, rapid freezing and 
rapid thawing gave best results. 

Apparently the best conditions for survival of or- 
ganisms by freeze-drying are freezing at moderately 
low temperature, and drying for a short period at an 
elevated platen temperature. 
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The actinomycins represent a family of chromopep- 
tide antibiotics (figure 1) which differ solely in the 
peptide portions of the molecule (Brockmann et al., 
1956); generally, the difference is at a single amino 
aid site. In addition, the two pentapeptides in an 
actinomycin molecule may be the same or different in 
amino acid composition. The chromophore (Brock- 
mann and Muxfeldt, 1958), 2-amino-4 ,6-dimethyl-3- 
phenoxazinone-1 ,9-dicarboxylic acid, has been shown 
io arise biosynthetically tryptophan (Sivak, 
Nobili, and Katz, 1960). An actinomycin-producing 
organism, under normal conditions of synthesis, forms 
a number of these antibiotics simultaneously. For 
example, Streptomyces chrysomallus produces a mixture 
and C; which vary at the 
“p-valine/b-alloisoleucine”’ position of the peptides 
(Brockmann et al., 1956), whereas Streptomyces antt- 
hioticus synthesizes several actinomycins (I, II, III, 
IV, and V) which differ at the “proline” sites (Johnson 
and Mauger, 1959; Katz and Goss, 1959). 

This report is an attempt to supply a score card to 
any interested spectators who may not be familiar with 
the names, numbers, and positions of the players in 


from 


{ actinomycins C,, Co, 


the game. It is not expected that any old scores on 
actinomycin nomenclature (Waksman, Katz, and 
Vining, 1958; Brockmann, Pampus, and Manegold, 
1959) will be settled. We simply wish to give the letter 
and number designations of the various actinomycins 
and to indicate which actinomycins may be equivalent 
entities on the basis of chromatographic, physical, 
chemical, and biological evidence. In addition, the 
nature and the sequence of the amino acids in the 
peptides of an actinomycin molecule will be presented 
when such information is known. The following symbol, 
~< (turned in a clockwise direction 90°), previously 
used by Brockmann et al. (1959), will be employed by 
us to’ denote the actinomycin chromophore (table 1). 
The forks of the above symbol represent the —NH» 
and C=O groups of the molecule. 

‘This investigation was supported by research grants E- 
2280 and E-3232 from the National Institute of Allergy and 
Infectious Diseases, U. 8. Public Health Service, and by a 
grant from The American Cancer Society. 

*Present address: Laboratory of Clinical Biochemistry, 
National Heart Institute, National Institutes of Health, 
Bethesda, Maryland. 
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Brockmann and Muxfeldt (1958) and Johnson and 
Mauger (1959) have pointed out that when an actino- 
mycin molecule is found to possess unsymmetrical 
peptides it is likely that the organism has synthesized 
a mixture of the isomeric forms of the component, 


ve 
<< 





one of which possesses the 
eg peptide chains. Johnson and Mauger (1959) 
considered actinomycin III to be a mixture of two iso- 
mers on the basis of oxidative fission of the compound 
and subsequent hydrolysis of the two pentapeptides. 
They found that all five amino acids were present in 
both peptides and, therefore, it was reasoned that had 
only one possible form of actinomycin III been present 
one of the two peptides would have lacked proline. 
Additional evidence for the hypothesis that actinomycin 
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Figure 1. Schematic diagram of an actinomycin molecule 
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III consists of two isomeric forms was obtained by 
Goss and Katz (1960) who were able to resolve actino- 
mycin III into two fractions by circular paper chroma- 
tography. Recently, Brockmann and Franck (1960) 
reported that a component, designated C.,, was sepa- 
rated from actinomycin C. by cellulose column chro- 
matography. Component C2, possessed antimicrobial 
activity, physical properties, and quantitative amino 
acid analysis similar to that of actinomycin C2. Brock- 
mann (1960) has indicated that p-valine is present 
in the right peptide of actinomycin C, so it is likely 
that this amino acid is found in the left peptide of 
actinomycin C2,. Since more than one form of an acti- 
nomycin component may be synthesized, we have 
indicated in table 1 the various possible structures for 
a molecule that could arise biogenetically. 

It has been shown with S. antibioticus and S. chryso- 
mallus that an amino acid such as sarcosine, piperidine- 
2-carboxylic acid, azetidine-2-carboxylic acid or iso- 
leucine, when added to the culture medium, may bring 
about synthesis of new actinomycins (Schmidt-Kastner, 
1956a, b; Katz and Goss, 1959; Katz, 1960). Both the 
natural and the new actinomycins are synthesized 
simultaneously. When sarcosine is added to a growing 
culture of S. chrysomallus (Schmidt-Kastner, 1956a, 
b; 1960) the organism forms (a) actinomycin C,; and 
the related actinomycins, Fs (in which two moles of 
sarcosine replace the two moles of proline) and Fy (in 
which one mole of sarcosine replaces one mole of pro- 
line); (b) actinomycin C, and the related actinomycins, 
F, (in which two moles of sarcosine replace the two 
moles of proline) and F2 (in which one mole of sarcosine 
replaces one mole of proline); and (c) actinomycin 
C; and the related actinomycins, F; (in which two moles 
of sarcosine replace the two moles of proline) and F,; 
(in which one mole of sarcosine replaces one mole of 
proline). Additional actinomycins may be formed by 
S. chrysomallus in the presence of sarcosine. Actino- 
mycin F; probably represents one of the isomers of 
actinomycin F:; the nature of actinomycins Fs, and 
F; is not clear. 

S. antibioticus normally produces trace amounts of 
actinomycins IT and III. When sarcosine is added to 
growing cultures of the organism, actinomycin I, V, 
and increased amounts of actinomycins II and III 
are formed simultaneously with a decreased synthesis 
of actinomycin IV (Katz and Goss, 1958, 1959; Katz, 
1960). Actinomycin II contains four moles of sarcosine 
and no proline, actinomycin III possesses three moles 
of sarcosine and one mole of proline, in contrast to 
actinomycin IV which has two moles each of proline 
and sarcosine (Johnson and Mauger, 1959). Additional 
sarcosine-stimulated actinomycins are formed by S. 
antibioticus but these compounds have not been iso- 
lated as yet. 

In the presence of ptL-isoleucine, S. chrysomallus 
synthesizes actinomycins C,, C2, and C; (each contains 
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two moles of N-methyl-t-valine). In ad: ition, th, 
organism synthesizes actinomycin E, (in vhich op¢ 
mole of N-methylisoleucine replaces one of \-methy\, 
valine) and actinomycin E, (in which tw moles of 
N-methylisoleucine replace both moles of \-methy). 
valine) (Schmidt-Kastner, 1956a, b; 1960). ' 

The “‘piperidine-2-carboxylic acid” and the 
2-carboxylic acid” actinomycins (Katz and Goss, 1959. 
Katz, 1960) are not included in the table as they haye 
been only partially characterized. In preliminary anal. 
yses it was determined that the actinomyciis synthe. 
sized in the presence of the former compound contaiy 
this imino acid (Katz and Goss, 1959). 

Actinomycin Z is a naturally synthesized mixture of 
six compounds, designated Zo, Z:, Ze, Zs, Z;, and J. 
produced by a strain of Streptomyces fradiae: each 
compound contains N-methylalanine instead of proline 
(Bossi et al., 1958). Only qualitative amino acid analy. 
ses have been carried out and these reveal that all six 
members of the Z series contain threonine, valine. 
N-methylalanine, sarcosine, and N-methylvaline. ()y 
the basis of the previous structural evidence for the 


azetidine- 


actinomycins, one is tempted to speculate that thef 
structures shown in table 1 may be the correct ones for} 


the Z) to Z; compounds. 


SUMMARY 


Natural variation of the actinomycins occurs at thy 
‘““p-valine/p-alloisoleucine” and ‘proline’ (hydroxy- 
proline, sarcosine, oxoproline) positions of the peptides 
The addition of isoleucine to the medium results in th 
replacement of N-methylvaline in actinomycin C; by 
N-methylisoleucine. Moreover, the proline analogues, 
piperidine-2-carboxylie acid and azetidine-2-carboxyli 
acid, and sarcosine will substitute for proline in thi 
molecule. Thus, the only amino acids in the actinomyeii 
molecule which have not been replaced biosynthetically 
are threonine and sarcosine. 

If one includes all the possible isomeric forms of 3 
compound there may be as many as 35 actinomycins 
originating from the biochemical activities off certain 
Streptomyces (as listed in table 1). Should one include 
the actinomycins synthesized in the presence of piper'- 
dine-2-carboxylic acid and azetidine-2-carboxylic acid, 
the number of actinomycins could reach a total of 45 to 
50 compounds. Brockmann has reported the total syn- 
thesis of actinomycin C;; this outstanding develop- 
ment could lead ultimately to the synthesis of many 
novel actinomycins by strictly chemical means. 
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ABSTRACT 
Batt, Epwin L. (Lederle Laboratories, Pearl River, 
y. Y.), ALBERT C. Dorneusu, GrorGeE M. SIEGER, 
By. Srien, JAMEs C. Virucci, AND JoserH F. WEIDEN- 
WEIMER. Sterilization of regenerated collagen sutures 
yith6-propiolactone. Appl. Microbiol. 9269-272. 1961.— 
Data are presented to show that 6-propiolactone when 
properly applied is a very effective agent for steriliza- 
tion of regenerated collagen sutures. The chemical 





derilization is accomplished with little or none of the 
joss in strength encountered with heat sterilization. The 
finished sterile suture is obtained without any harmful 
residue that might be detrimental to the patient. 





Reconstituted or regenerated collagen fibers such as 
are obtained from gels made from animal tendon can be 
fashioned into continuous strands by appropriate manu- 
facturing methods (Sizer, 1949). Heat sterilization is an 
obstacle to the use of these strands as acceptable digesti- 
ble surgical sutures. The most noticeable change during 
heating is a decreased flexibility of the finished strand. 
(nheated regenerated collagen strands, after an interval 
in an aleohol tubing fluid, show properties of ‘“‘flex’’ 
uid “run-down” or ‘pull-down’ approximately the 
same as much of the commercially available surgical 
gut. In contrast, heat-sterilized regenerated collagen 
sutures, tubed in alcoholic fluids, remain stiff or wiry 
and suffer a loss in tensile strength particularly when 
the strand is broken over a surgeon’s knot. These obser- 
vations demonstrate the need to avoid heat sterilization, 
and led to a study of chemical sterilization of such 
sutures. 


MATERIALS AND METHODS 


The collagen used in these sterilization studies was 
prepared from beef tendon (the so-called ‘Achilles 
tendon”) taken from either the front or hind quarter of 
4 to 5-year prime steers. The tendon pieces were iced at 
the slaughter house immediately after removal from the 
carcasses, and were cleaned in the laboratory by 
removing the tendon sheath and other extraneous 
membranes as well as any fat or muscle fragments. The 
dry collagen solids were determined on a sample taken 
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from the pooled lot. The cleaned tendon was frozen 
quickly and held in sealed polyethylene bags at —10 C 
until used. From the frozen tendon weighed portions 
were taken sufficient to prepare batches of collagen gel 
of the desired volume and collagen solids content. The 
tendon was shredded or fragmented and swelled in water 
by the addition of acid. The gel was further milled or 
kneaded to form a smooth colloidal system which could 
be extruded into a suitable bath to precipitate the 
collagen and subsequently remove most of the water. 
The wet strand was allowed to cure in the bath and then 
formed into a pressed dried ribbon which could be rolled 
into a smooth suture by conventional spinning 
machinery. The collagen was treated with chrome usually 
at the time of spinning. The rolled strand was stretched 
and dried, and the chrome reduced in the stretched 
strands. The stretched dried chromicized strands were 
polished if necessary and generally tubed in alcoholic 
fluid for an interval before they were evaluated. 

The collagenous materials treated with 6-propiolactone 
included the product at a number of steps in the process. 
In all cases B-propiolactone was applied in a fluid carrier 
or diluent that contained at least some water. The 
propiolactone was stored at 4 C, and the diluent or the 
product to which it was added was chilled likewise to 
4 C, or lower. The assays for demonstrating sterility 
of the treated products were run in thioglycolate broth 
(U.S. Pharmacopeia, 1950). To assure sterilization, the 
product treated with B-propiolactone was held at least 
overnight before being transferred to the assay broth. 


RESULTS 


Treatment of shredded tendon with B-propiolactone. A 
slurry of shredded beef Achilles tendon was treated with 
diluted 8-propiolactone (0.5% of the gel; v/v) at 4 C. 
The mixture was held several hours at 4 C, with some 
swelling of tendon fibers. The gel was completed by 
swelling with acid, and then processed to finished chro- 
micized strands. The strands were surface-sterilized by 
immersion for 2 hr in 1.0% 6-propiolactone in alcoholic 
fluid which was then replaced aseptically by the standard 
alcoholic fluid without added 8-propiolactone. These 
strands, prepared from tendon treated with B-propiolactone 
and not heated, showed an advantage of 9% on mean 
straight-pull (significant at the 5% level of probability), 
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and an advantage of 17° on mean knot-pull break 
strength (significant at the 0.1°% level of probability), 
when compared with a parallel lot of heat-sterilized 
strands prepared from material not treated with 
B-propiolactone. 

Treatment of collagen gel with B-propiolactone after 
acid-swelling. Collagen gels to be treated with 8-propio- 
lactone contained from 0.5 to 0.75°% collagen solids. 
Tests were made with two parallel lots of gel in each 
vase. One lot contained only the naturally occurring 
contaminants. The parallel lot in each sterilization test 
contained the naturally occurring contaminants plus 
Bacillus cereus (American Type Culture Collection no. 
11778), introduced as washed spores to give an added 
load of about 25,000 cells per ml of gel. 

Cold 8-propiolactone (ca. 4 C) was added dropwise 
with stirring to cold collagen gel in the receptacle of a 
Waring Blendor, and stirred for 2 to 5 min. Samples 
for microbiological assay were transferred to cotton- 
stoppered sterile Pyrex test tubes. Sterilization of the 
gel is completed after it is transferred to the sterile 
tube to be submitted for assay. This permits the 
extremely viscous material to be handled in a practical 
fashion without rigorous attention to aseptic technique. 

Collagen gel to which 0.5 to 1.5% or 2.5% 8-propio- 
lactone was added for the study of sterilization effects 
was extruded into ammoniacal ethanol 2B. The pre- 
cipitated collagen was processed to finished chromicized 
strands and subsequently tested for straight-pull and 
knot-pull break strengths. The differences between the 
mean straight-pull tensile strengths and between knot- 
pull tensile strengths associated with treatment with 
8-propiolactone are not significant at the 5° level of 
statistical probability. 

Treatment of wet extruded precipitated collagenous 
strands with B-propiolactone. Samples of wet extruded 
precipitated collagenous strands, taken from the pre- 
cipitating bath and held at room temperature for about 
72 hr in ammoniacal alcoholic fluid (from the precipitat- 
ing bath) to which varying levels of 8-propiolactone 
had been added, were found to be sterile at all levels 
(0.025 to 1.5%) of 8-propiolactone studied. 

Treatment of collagen ribbon with 8-propiolactone. 
Segments of dry collagen ribbon were coiled, tied, and 
inserted in sterile tubes which were then flamed above 
the level at which fluid would stand. 8-Propiolactone 
was diluted in the solution of mineral salts used in the 
bath through which the ribbon would pass in the spinning 
operation. For plain sutures, this bath is a mixture of 
NH,OH and NH,C! in water; for chromicized sutures, 
it is a mixture of (NH,)oCroO, and KsCO; in water. 
These solutions were chilled with an ice and NaCl 
mixture before being used to dilute 8-propiolactone 
which was at or near 4 C. The treated ribbon segments, 
held in the solutions at room temperature for 72 hr 
before being assayed for the presence of viable micro- 
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yas studied in much the same way. The two parallel 
ts of suture were not separated until the final wash 
yhere one Water bath contained no 6-propiolactone and 
the other contained 2.5% 6-propiolactone. The results 
of this test are the same as were obtained with 8-propio- 
lactone in the bicarbonate bath. 

Finished dry collagen strands manufactured without 
ihe application of 8-propiolactone at- any step in the 
process were coiled, tied, and inserted into sterile glass 
tubes which were then flamed carefully above the level 
at which tubing 
(uid was transferred to the tubes with the sutures, and 


fluid would stand. Alcoholic tubing 


allowed to stand for 1 week. The alcoholic fluid was then 
decanted from each suture sample and replaced immedi- 
ately with the same fluid with several levels of 8-propio- 
lactone up to 2% (v/v). The treated samples were held 
at room temperature about 72 hr before being trans- 
ferred aseptically to the fluid thioglycolate medium. 
Assays were run in duplicate. All samples treated in this 
way were sterile. Finished dry sutures are not readily 
penetrated by 8-propiolactone from an alcoholic fluid. 
In the test cited above, regenerated collagen strands 


} (manufactured without application of 6-propiolactone) 


were preconditioned in alcoholic fluid for 1 week before 
fluid with 8-propiolactone was introduced. Unless the 
dry strands were preconditioned, sterilization was not 


accomplished. Although the appearance of contaminants 


in such cases generally was slow in the assay broth 
(suggesting that they grew out from the interior of the 
simples), vigorous growth eventually was seen in most 
of the assays. 

The results of the experimental work are summarized 
in Tables 1, 2, and 3. 


rABLE 1. Effectiveness of B-propiolactone in eradicating bacterial 


contaminants at successive stages in the manufacture of 


regenerated collagen sutures 


Minimum 
concn of 
8-propiolac 
tone for 
sterile 
specimen 


Growth in 
assay broth 
of non 
treated 
control 


Intermediate or product exposed to 8-propiolactone 


Collagen gel: 

Positive 0.05* 
Positive 0. 10* 
Positive 0.10 


1,000 cells or less per ml. 
ca. 3,000 cells per ml. 
ca. 25,000 cells per ml. 
Extruded wet (ammoniaeal ethanol) 
collagen strand Positive 0.025* 
Dry collagen ribbon: 
Treated in nonchrome spinning bath 


fluid 
Treated in chrome spinning bath fluid. 


Positive 1.0 
Positive | 0.5* 
Rolled strand, spun from chrome spin 


ning bath Positive 1 .25* 
Strand exposed in sodium bicarbonate 

Was! Positive 2.5* 
Strand exposed in final wash water Positive | 2.5* 


Finished suture exposed in tubing fluid..| Positive | 0.5 


* 


No lower level of B-propiolactone tested. 


STERILIZATION OF REGENERATED COLLAGEN SUTURES 


DISCUSSION 


Chemical sterilization is an alternate to heat steriliza- 
tion for biological products. The chemical sterilizing 
agent chosen should: (i) eliminate all viable contaminat- 
ing organisms; (ii) accomplish sterilization when applied 
at a low concentrations; (iii) leave no harmful residue; 
(iv) be suitable for repeated application; and (v) effect 
no undesirable change in the product. 

Bearing these points in mind a review was made of the 
compounds available for chemical sterilization of biologi- 
cal products. Formalin and phenol leave undesirable 
residues within or upon treated biological products. 
Iodine has been used to sterilize native collagen sutures 
such as twisted gut strands, but such sutures appear 
to have been not widely accepted in practice. Although 
nothing in the literature indicated the effect of 6-propio- 
lactone on collagen it was decided to determine how 
well it might fulfill the preliminary requisites. 

B-Propiolactone has been reported to be effective 
against a wide variety of such contaminants as viruses, 
bacteria, yeasts, filamentous fungi, and such spores as 
any of these may produce (Curran and Evans, 1956; 
Huddleson, 1955; LoGrippo, 1960) under a wide range 
of circumstances. Sterilization 
without 


can be accomplished 
any apparent undesirable alteration of the 


TABLE 2. Tensile strength measurements for collagen sutures with 
and without B-propiolactone treatment during manufacture 
(Strands brought to equilibrium with 65% relative humidity, 
but not tubed in aleoholie fluid) 

Mean tensile strength in pounds/square inch 
Intermediate product 


Straight-pull Knot-pull 


Treated | Untreated | Treated | Untreated 
Swelled collagen gel 54,000 | 52,200 | 23,800 | 23,200 
Dry ribbon exposed in | 61,060 | 61,450 | 28,280 | 26,600 
chrome spinning bath 
Dry ribbon exposed in | 55,770 | 54,200 | 22,370 | 25,900 
chrome spinning bath 36 ,200* 17 ,070* 
Dry ribbon exposed in | 65,100 | 62,000 | 22,700 | 23,500 
chrome spinning bath 52 ,000* 19 ,000* 


* Sterilized by heat after packaging. 


TABLE 3. Comparison of tensile strength of regenerated collagen 
sutures sterilized by B-propiolactone and heat 


(Strands tubed in alcoholic fluid, and aged before being tested) 


Suture strength 


Method of sterilizing regenerated “‘Run-down”’ 
collagen sutures property Straight- mane 
pull pull 
% % 
8-Propiolactone in tubing Very good 100.0 100.0 
fluid 
Dry sutures heated to steri- | Poor 92.0 84.9 


lize—subsequently tubed in| 
fluid | 


biological product. This has been demonstrated in bone, 
cartilage, kidney slices, liver slices, artery segments, 
blood and blood products, and vaccines (Hartman and 
LoGrippo, 1957; LoGrippo, 1960). It appears that none 
of these cases represents an example of a dried biological 
product. subsequently sterilized with 8-propiolactone. 
When slices of bone, kidney, liver, or artery segments 
were studied, the treatment was given as soon as the 
specimens were removed from the donor animals. Under 
these conditions, penetration of 8-propiolactone would 
be facilitated since continuous fluid pathways for pene- 
tration would still exist in the tissues. Bain (1959) has 
noted that artery segments to be sterilized with 6- 
propiolactone must be treated before drying occurs. In 
our own tests, acid-swelled collagen was sterilized easily 
with 8-propiolactone. The same situation was observed 
when collagen strands were treated prior to drying. 
8-Propiolactone sterilization of dried collagen could be 
accomplished with assurance only when the dried col- 
lagen was treated as the pressed dry thin ribbon (see 
Table 1). The suture is the only part of the final package 
to be used and it must be sterile in every part. The only 
reason the tubing fluid or other parts of the package 
need be sterile is to transport the suture in a condition 
suitable for its final use. 

Treatment with 8-propiolactone does not cause any 
significant loss of strength of finished sutures. This was 
shown to be true if the raw tendon were treated before 
any manufacturing operation other than the preliminary 
shredding of the tendon. Treatment of the acid-swelled 
collagen gel with 8-propiolactone was shown to exert no 
significant undesirable effect (prior to tubing) on the 
tensile strength of the sutures derived from the gel. 
Treatment of the ribbon at the time of the spinning 
operation, or treatment of the finished twisted strand, 
with 8-propiolactone does not adversely affect the tensile 
strength of the resulting sutures. These data are set out 
in Table 2. Regenerated collagen sutures treated with 
8-propiolactone are stronger after an interval in tubing 
fluid than are sutures from parallel treatments subjected 
to heat in the sterilization procedure. 

8-Hydroxy propionic acid, the hydrolysis product of 
8-propiolactone (in aqueous systems) is a relatively 
safe material. Its properties are similar to those of 
lactic acid or glycolic acid. It is known (LoGrippo, 
1960) that biological products sterilized with 6-pro- 
piolactone are free of drug toxicity and allergic reac- 
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tions, and that the end products do not acc 
test animals. During the experimental work stiimarized 
in this paper, tests were made to determinc the per. 


late jy 


sistence of 8-propiolactone in the alcoholi tubing 
fluid. When 2.5% B-propiolactone is added to such 
fluid, none is present after 30 days. It has been yp. 


ported also that 8-propiolactone does not react with 
aluminum, stainless steel, nickel alloys, gl:ss, poly. 
ethylene, nylon, vinyl film, or clear polystyrene, whiel 
might be used in the manufacture or packaging oj 
sutures. 

All of these observations lead us to the conclusion 
that sterilization of regenerated collagen sutures with 
8-propiolactone results in a product that is superior 
to a similar product sterilized by heat and in a product 
that is not detrimental to the patient. 
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Evaluation of Disinfection Techniques for, and Their Effects on, 


Rectal Thermocouple Catheters’ 


J. T. Mauer, M. R. RoGers, AND D. W. PETERSON 


ABSTRACT 


Maner, J. T. (Quartermaster Research and En- 
gineering Command, Natick, Mass.), M. R. Rogers, 
wo D. W. 
techniques for, and their effects on, rectal thermo- 
couple catheters. Appl. Microbiol. 9:273-278. 1961. 
The antibacterial activities of an iodophor (Wescodyne 
(;), a quaternary ammonium compound (Roccal), and 


Prererson. Evaluation of disinfection 





an iodine tincture as agents for the cold disinfection of 
rectal catheters contaminated in vitro were determined. 
S Following thorough cleaning with an alcoholic solution 
of soft soap, each of the three disinfectants tested 
showed satisfactory results (100% kill) in 5 min against 
the enteric test bacteria (/’scherichia coli and Salmo- 
nella typhosa) as well as a test species of the genus 
Pseudomonas, among the bacteria most resistant to 
surface-active agents. 

An aqueous solution of Wescodyne G containing 75 
ppm available iodine was used both as a wiping solution 
sand for subsequent disinfection of rectal catheters 
contaminated in vivo. Total bacterial destruction was 
siound to follow a 60-min soak preceded by the wiping 
procedure. 

Rectal catheters subjected to prolonged immersion 


i 


in each of the test disinfectants were found to be es- 
sentially unaffected, retaining their initial calibrations 





within a permissible tolerance. Neither Roceal nor 
Weseodyne G solutions were found to measurably 
attack bare thermocouples. Alcoholic iodine 0.5% did, 
however, exert a deteriorating effect on bare thermo- 
couples in a short time, as measured by change in 
\ resistance characteristics. 

} The results of this study have led to the recommenda- 
ption that Weseodyne G containing 75 ppm available 
F iodine be used in standing operating procedures for the 
‘Jinitial cleaning and subsequent disinfection of rectal 
) thermocouple catheters. 





The rectal thermocouple catheter has proved to be 
laboratory field 
; gathering physiological data (Mead and Bommarito, 
\ 


San invaluable and instrument in 


1The 
the authors. They are not to be construed as necessarily reflect - 
ing t] 


views and conclusions herein contained are those of 


views or indorsement of the Department of Defense. 


Quartermaster Research and Engineering Command, Natick, Massachusetts 
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1948; Davidzick, Harvey, and Goddard, 1953). This 
deep body temperature-sensing device is now worn by 
resting or active volunteer military test participants 
with physiological and psychological acceptability even 
under extreme temperature conditions (+120 to —65 
I"). 

Although the results of studies on disinfecting rectal 
thermometers are available (Gershenfeld, Greene, and 
Witlin, 1951; Sommermeyer and Frobisher, 1953), 
there is little or no information about disinfecting 
rectal catheters. Since there is danger of rectal catheters 
transmitting infectious agents, and considering their 
unique structure and function, it is advisable to stand- 
ardize a technique for disinfecting catheters. This study 
was begun with two objectives, namely: 

Phase I. To establish an efficient technique for the 
disinfection of rectal catheters, and 

Phase II. To investigate the effects, if any, of dis- 
infectant action on the components of rectal catheters, 
specifically in regard to functioning and use-life. 


MATERIALS AND METHODS 
Phase I. Bacteriological Studies 


A) Studies in vitro. 1) Rectal thermocouple catheters. 
The catheters used in this study (Fig. 1) are tem- 
perature measuring devices constructed of modified 
Dow Corning? 9711 silicone rubber covering a 30 
gauge copper-constantan thermocouple. The thermo- 
couple is fused with silver solder to a brass tip. The 
tip is crimped to the end of a 31% by 0.16-in. catheter 
body. 

2) Disinfectants tested. (i) Wescodyne G* (Federal 
stock no. 6840-526-1129) solution containing 75 ppm 
available iodine (4.7 ml of Wescodyne G to 1 liter 
distilled water). Wescodyne G is a brand of iodophor 
containing as active ingredients: polyethoxy poly- 
propoxy polyethoxy ethanol-iodine complex, nonyl- 
phenoxy polyethoxy ethanol-iodine complex, and 
hydrogen chloride; (ii) alcoholic iodine solution, 0.5% 
(5 g iodine in sufficient 70% isopropyl alcohol to make 
the product measure | liter); (iii) alcoholic Roccal* 
solution, 1-1,000 (10 ml of 10% Rocecal to 990 ml of 

2 Dow Corning Corporation, Midland, Mich. 


3 West Chemical Products, Inc., Long Island City, N. Y. 
4Sterwin Chemicals, Ine., New York 18, N. Y. 








274 







70% isopropyl alcohol). Roceal is a brand of alkyldi- 
methylbenzylammonium chleride. 

The test disin- 
fectants were those recemmended by the respective 


concentrations of the commercial 


manufacturers. The efficiency ascribed by Sommer- 
meyer and Frobisher (1953) to a 0.5% alcoholic iodine 
solution in disinfecting rectal thermometers was the 
basis for its selection. Isopropyl alcohol was used as the 
carrier for Roccal since tinctures of the quaternary 
ammonium compounds have been found to be much 
more effective than aqueous solutions. Aqueous 
Zephiran,® 0.1%, is, in fact, used to isolate J/yco- 
bacterium tuberculosis from various body fluids (Pat- 
terson, 1956). 

3) Test organisms and media. The test organisms 
used ATCC 26, Salmonella 
typhosa Hopkins strain, and Pseudomonas aeruginosa 
ATCC 13,388. Stock cultures of FL. coli and S. typhosa 
were carried on slants of Bacto® stock culture agar, 


were Escherichia coli 


whereas P. aeruginosa was maintained on Sabouraud 
maltose agar (Davis et al., 1959). These organisms are 
the 
surface-active agents (Glassman, 1948). 

A transfer from the stock culture to 25 ml of BBL’ 
Fluid Thioglycollate medium, followed by three daily 
subcultures prepared each organism for use. Fluid 
Thioglycollate was also used to recover each of the 


considered among bacteria most resistant to 


test organisms after disinfection. However, this trans- 
plant medium for 
tained Tween 


foccal-subjected catheters con- 
805 0.2% lecithin. Eosin 
methylene blue agar was used as a confirmatory medium 
for FE. coli from tubes of broth showing growth. Broth 
cultures suspected to be S. typhosa were subcultured on 


and 


207 
oOo A 


BBL bismuth sulfite agar. The strain of P. aeruginosa 


®> Winthrop Laboratories, New York 18, N. Y. 

6 Difeo Laboratories, Inc., Detroit 1, Mich. 

7 Baltimore Biological Laboratory, Inc., Baltimore, Md. 
8 Atlas Powder Co., Wilmington, Del. 
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used produced the characteristic blue-green | 
this 
criterion for identification. 


ment in 


dequate 


abundance, and Was considered an 


The bacterial pick-up by lubricated cath: sors was 


determined by plate counts using Bacto ‘ryptone 


glucose extract agar, recommended for the -tandard 
plate count according to Standard Method- for the 
Examination of Water, Sewage, and Industri:! Wastes 


(APHA, 1955). 
4) Wiping solution. An alcoholic solution o} 
soft soap in | liter of 70% 


ft Soap) 
containing 79 ¢g opropyl 
alcohol. 

5) Lubricant. K-Y® sterile lubricant. A’ greaseless. 
water soluble lubricant recommended for easy insertion 
of rectal thermometers. 

6) Temperature. The tests were performed at a 
range of 29 to 30 C. 

7) Techniques. Since frequent sterilization by steam 
under pressure may adversely affect the properties of 
rubber, all catheters used throughout the study were 
subjected to dry heat at 110 C for 30 min. This process 
effectively destroyed vegetative contaminants without 
killing contaminating spores. Somewhat limited data, 
then, could be obtained about the sporicidal activity of 
the disinfectants. 

A surface film of the sterile, water-soluble lubricant 
was applied to the catheters to simulate the condition 
found to exist upon removal of a catheter from the 
rectum. After lubrication, the 


taminated by immersing in 25 ml of a 


catheters were 
22- to 26-hr 
thioglycolate broth culture of one of the organisms, and 
then wiped with cotton moistened with the alcoholi 
solution of soft soap described above. The soap was 


COl- 


then removed by rinsing with sterile distilled water 


and the catheters transferred to a 600-ml beaker con: 
taining enough disinfectant to permit complete in- 


® Johnson and Johnson, New Brunswick, N. J. 





FIG. 1. Catheter, thermocouple type 
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1961] DISINFECTION OF RECTAL 
mersion. After a 5-min immersion in the disinfectant, 
with sterile 
adium thiosulfate solution, 1% to inactivate the iodine 
carried over from the Wescodyne G and alcoholic iodine 


the catheters were given 2 rinses; first 


lutions, then with sterile distilled water. The catheters 
vere then aseptically transferred by sterile forceps to 
tubes of culture media. The tubes were incubated at 
27 ( until growth was visible, or for 3 days if there 
was no apparent growth. Catheters from tubes showing 
no growth 3 days after disinfection with Roccal were 
checked for bacteriostasis by transferring them to 
other tubes of broth. Such transfers were not con- 
sidered necessary after iodine activity, since sodium 
thiosulfate effectively inactivates the antibacterial 
action of iodine. 

B) Studies in vivo. 
catheter was inserted into each of ten test subjects. 


A lubricated, nonsterile rectal 


The catheters were worn for a 5-hr period, 1 hr of which 
included treadmill activity at 3 mph to insure maximal 
rectal contact. Catheters were removed during this 
j-hr contact period only for defecation, when necessary, 
and reinserted immediately thereafter. 

Immediately upon removal from the rectum, cath- 
eters were wiped thoroughly with cotton moistened 
with an aqueous’? solution of Wescodyne G, rather 
than the alcoholic soap solution used during the 
studies in vitro." After cleaning and subsequent treat- 
ment with aqueous Wescodyne G, the catheters were 
processed in the same manner as described under A) 
Studies in vitro. 

This procedure was repeated for 6 days; the amount 
of time the catheters were exposed in the disinfectant 
was the only variable. Catheters worn on the first, 
second, third, and fourth days were exposed for 5, 10, 
30, and 60 min, respectively. When the efficacy of the 
(0-min exposure became apparent, the catheters worn 
on the fifth and sixth days were also subjected to the 
(0-min exposure to enhance the reliability of the results, 


Phase II. Effect of Disinfectants on 
Rectal Catheters 


Three tests were made to determine the possibly 
harmful effect of test disinfectants on: (i) possible 
swelling of silicone rubber of the catheter, (ii) the 
complete or intact catheter, and (iii) the bared silver- 


ssoldered thermocouple of the catheter. Methods for 


each of these are described below. 
A) Resistance of silicone rubber to test disinfectants. 


Natick tap water was used as the carrier for Wescodyne 
G, rather than distilled water. 

"Soap will impair the activity of Wescodyne G if inadver- 
tently carried-over into the disinfectant solution. Further, 
detergent-germicides such as Wescodyne G are expected to 
clean thoroughly, as well as destroy microorganisms in the 
presence of variable amounts of organic and inorganic matter. 
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The phenomenon of rubber products swelling in liquids 
is of practical importance not only because of dimen- 
sional changes, but also because of the effect on physical 
properties. The swelling of a rubber in a liquid is taken 
as an indication of its resistance, or lack of resistance 
to a fluid (Wilson, Griffis, and Montermoso, 1958). 

The method used in determining the percentage of 
swelling of silicone rubber specimens exposed to each 
of the test disinfectants conforms to that described in 
ederal Test Method Standard No. 601 (U.S. Govern- 
ment Printing Office, 1955). 

B) Effects of exposure of intact rectal catheters to test 
disinfectants. The first step in evaluating these effects 
consisted of totally immersing six precalibrated rectal 
catheters in each of the test disinfectants. After ex- 
posure times of 5, 10, 30, 60 min, 24 and 48 hr, catheters 
were removed and rinsed with tap water. The catheter 
tips were then fastened with a rubber band to the bulb 
of a National Bureau of Standards certified mereyry 
thermometer, enclosed in a water-tight polyethylene 
bag,” and immersed in a well stirred water bath. After 
a more than adequate temperature equilibration period 
at both 95 and 98 F, the emf of each catheter thermo- 
couple was measured in millivolts with a model 8662 
Potentiometer™ and converted to degrees Fahrenheit. 
Confirmation of measurements was made with a type 
K-53 Universal Potentiometer.'* A series of five readings 
was made on each catheter at a specific temperature, 
and a mean reading was recorded. 

In all tests, a nonexposed, standardized reference 
thermocouple was used as a control. 

C) Effects of exposure of bared, silver-soldered thermo- 
couples to test disinfectants. Since it is conceivable, 
although unlikely, that a disinfectant could penetrate 
the catheter core (thermocouple) without measurably 
altering the true emf, it was considered desirable to 
investigate this possibility. A rectal catheter of proper 
thermoelectric characteristics was cut apart and sec- 
tions of copper and constantan wire cut from it were 
made into thermocouples. The junctions were silver- 
soldered, and care was taken to remove all trace of 
flux. The free ends of a thermocouple so made were 
attached to the binding posts of a Wheatstone bridge 
and the silver-soldered junction immersed in a beaker 
containing a test disinfectant in such a way that 2 in. 
of both copper and constantan above the junction were 
the An initial 
measurement was made, and subsequent readings were 
24-hr 


exposed to disinfectant. resistance 


recorded at various intervals throughout a 


exposure. 


2 Erratic readings were obtained when catheters were di- 
rectly immersed in the water bath. Enclosure in polyethylene 
effectively eliminated this, presumably by insulating the eathe- 
ters from the battery action of the water bath. 

13 Leeds and Northrup Company, Philadelphia, Pa. 


RESULTS 
Phase I. Bacteriological Studies 


A) Studies in vitro. Upon incubation of the catheter- 
containing tubes of broth, growth of a gram-positive, 
aerobic, spore-bearing organism frequently appeared. 
It has been shown in this laboratory that each of the 
test bacteria can survive and multiply without appar- 
ent antagonistic action by this spore-bearer under the 
incubation conditions of the test. Recovery, then, did 
not pose a problem. It was noted, however, that none 
of the disinfectants tested could destroy the contam- 
inating spore-bearer during the 5-min exposure. 

Total destruction of each of the test organisms (10° 
or more per catheter) resulted from a 5-min soak in 
any of the three disinfectants whether or not wiping 
preceded the immersion. However, data showed that 
Wiping per se is not invariably adequate for complete 
bacterial destruction. P. was found to 
survive wiping alone in each of the three replicates. 
E. coli was once found to survive, whereas S. typhosa 
was twice recovered. 

B) Studies in vivo. Whether or not defecation inter- 
rupted the period of rectal contact, most catheters were 


aeruginosa 


found to have heavy deposits of fecal matter. It has 
demonstrated that minute amounts of fecal 
matter may be lodged in the fissure formed at the 
junction of the brass tip and catheter body. As was 
expected, the wiping procedure did not completely 
remove this organic and inorganic material. Although 


been 


the amount of extraneous matter remaining on the 
catheter after wiping was not enough to significantly 
diminish the antimicrobial capacity of the disinfectant, 
it was apparently enough to give protection to surviving 
organisms during short-term exposure. As a result, it 
was found necessary to lengthen the exposure time 
until the free iodine ultimately permeated the debris 
and reached the cells. As can be seen (Table 1), this 
necessary exposure time was invariably 1 hr. 

Smears were made from all tubes showing growth 
and treated with a Gram stain. Microscopic examina- 
tion revealed the most frequently present survivor to 
be an enterococcus bearing a morphological resem- 
blance to Streptococcus faecalis. 


TABLE 1. 
iodine against vegetative bacteria adhering to rectal- 
contaminated catheters 


Exposure time No. of positive cultures 


min 

5 9/10 
10 10/10 
30 3/10 
60 0/10 
60 0/10 
60 0/10 
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Catheters exposed to Wescodyne G for 5 
30 min invariably showed growth of a gram 


0, and 
OSitive, 


aerobic, spore-bearing organism resembli that 
described in the studies in vitro. However, «© the 30 
‘atheters exposed to Wescodyne G for 60 iin, ye. 
covery was made in only seven tubes. This sporicidal 
activity, although greatly to be desired was never. 
theless, unexpected since chemical disinfectants are not 


expected to destroy spores in normal use concei:tration 


(Frobisher and Sommermeyer, 1956). 


Phase II. Effects of Disinfectants on Recta! 
Catheter Components 


A) Resistance of silicone rubber to test disinfectants, 
It is generally agreed that a volume swell of less than 
10%, taking into consideration the intended use, is of 
little significance. The data presented (Table 2) show 
that the silicone rubber used on rectal catheters de- 
scribed herein possesses a satisfactory resistance to 
each of the test disinfectants. 

B) Effects of exposure of intact rectal catheters to test 
disinfectants. The thermal emf characteristics of rectal 
catheters exposed for 48 hr to each of the three dis- 
infectants remained essentially unaltered. Although a 
+0.1 F error at 95 F and 98 F was observed with each 
of the 48-hr exposed catheters, as well as with the 
control catheter, this error is within the permissible 
tolerance for thermocouple material, and may be 


TABLE 2. Resistance of silicone rubber to test disinfectants afte 
24-hr exposure at room temperature 


Medium Swell 
Alcoholic iodine, 0.5% 8.0 
Aqueous Wescodyne G,75 ppm available iodine 1.5 
Alcoholic Roceal, 1:1,000 3.0 


TABLE 3. Effect of alcoholic iodine 0.5% on resistance of silver 
soldered copper-constantan thermocouple at room temperature 

















Time Increase in resistance from initial 
min ohm 
5 0 
10 0.001 
20 | 0.002 
30 0.004 
60 0.008 
120 0.014 
180 0.021 
240 0.027 
300 0.034 
360 0.041 
420 0.046 

1,440 * 


* A resistance measurement could not be made _ because 
corrosion of the constantan caused breakage. 
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attributed to the sources of error inherent in electrical 
circuits. 

The brass tips of catheters exposed to both Wes- 
eodyne G and alcoholic iodine solutions became lightly 
covered with a white coating, probably cuprous iodide. 
In no case did the coating decrease the sensitivity of 
heat transfer between the thermocouple and its en- 
vironment. Moreover, the coating was easily removed 
with erocus cloth or other such abrasive material. 

One might expect, upon penetration of a disinfectant 
into the catheter core (thermocouple), a partial short 
circuit with a resulting reduction of the emf. Also, an 
electrolytic emf could be set up between the wires. 
Neither phenomenon occurred with intact catheters. 

It therefore appears likely, although not conclusive, 
that the molded rubber effectively excludes the pene- 
tration of test disinfectants into the catheter core. 

() Effects of exposure of bared, silver-soldered thermo- 
couples to test disinfectants. The data (Table 3) show 
that a short exposure to the alcoholic iodine solution 
results in a measurable increase in resistance of the 
thermocouple circuit. The resistance is seen to increase 
with continued exposure until at 24 hr the thermo- 
couple circuit is completely destroyed. No measurable 
resistance change was observed during a 24-hr con- 
tinuous exposure to either Wescodyne G or Roceal. 
However, Wescodyne G caused a mild oxidation of the 


; silver with the formation of yellow silver iodide coating 


the solder. This oxidation was not sufficient to alter the 
homogeneity of the circuit so as to produce a meas- 
wable amount of resistance. 


Since it that tincture of 


visibly and measurably attacks bare 


has been demonstrated 
iodine, 0.5% 
copper-constantan thermocouples in a short time, and 
since this action was not seen to occur with intact rectal 
catheters following prolonged exposure, it is likely that 
properly constructed rectal catheters not only act as 
efficient water-tight protection tubes, but also effec- 
tively retard the entrance of surface active agents. 
DIscuUSSION 

Upon completion of the studies in vitro, an investi- 
gation was conducted into the effects of disinfectants 
on the components of rectal catheters (phase I1). This 
work showed no appreciable departures from the 
initial calibrations of intact rectal catheters following 


} prolonged exposure to each of the three disinfectants. 


— 


» because 








» However, bared thermocouples were found to be 
) particularly vulnerable to attack by alcoholic iodine 


solution. Such an attack could occur during disinfection 
of an improperly constructed or otherwise defective 


catheter which would permit entrance of the iodine 


tincture. Therefore, it was decided to eliminate the 
tincture as the disinfectant to be used in standing 
operating procedures. 

Under the conditions of the bacteriological studies 
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in vitro, both Roceal and Wescodyne G were judged 
efficient germicides. Solutions of these surfactant 
germicides have been shown to neither affect thermo- 
electric uniformity nor in any other significant manner 
contaminate or exert a deteriorating effect upon rectal 
catheter components. 

On the basis of these findings, it was considered 
advisable to choose between Wescodyne G and Roceal 
by evaluating other desirable properties, and to subject 
catheters contaminated under actual use conditions to 
the disinfectant of choice. 

Solutions of both Wescodyne G and Roceal are, 
from a practical aspect, stable, nontoxic, readily 
miscible with water, and relatively inexpensive. There 
are, however, certain advantages associated only with 
Wescodyne G, including indication of potency by color, 
and a broad antimicrobial spectrum (Gershenfeld, 
1955; Bartlett and Schmidt, 1957; Lawrence, Car- 
penter, and Naylor-Foote, 1957). 

The pronounced advantages ascribed to Wescodyne 
by these investigators were considered adequate justi- 
fication further 


for choosing this disinfectant for 


evaluation by studies in vivo. 
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ABSTRACT 


Hearn, Henry J., Jr. (U.S. Army Chemical Corps, 
Frederick, Md.), aNpb FRepERICK W. Dawson. Com- 
parative effects of 8-propiolactone on mice, mouse- 
derived cell cultures, and Venezuelan equine encephalo- 
myelitis virus. Appl. Microbiol. 9:278-282. 1961. 
Studies the toxicity of 
8-propiolactone (BPL) for mammalian (mouse) cells 


were made comparing 
in vitro and for mice and for Venezuelan equine en- 
cephalomyelitis (VEE) virus which is highly cyto- 
pathogenic for each. The mammalian cells grown in 
tissue culture were found to be adversely affected by 
BPL in concentrations ranging from 0.001 to 0.1 mg/ml 
of supernatant fluid. The difference in response was 
influenced by the menstruum in which the BPL was 
suspended and the difference in cell types tested. 
Tenfold less BPL appeared to be required to destroy 
the cells when it was suspended in a balanced salt 
solution than when it was suspended in protein-con- 
taining solutions such as beef heart infusion broth or 
medium 199 plus 20% horse serum. Secondary em- 
bryonic mouse lung cells seemed slightly more adversely 
affected by BPL than the established embryonic lung 
or L cells. BPL given to mice by intranasal instillation 
and by intracerebral injection was lethal to half of the 
animals within 2 days at doses of 0.31 and 0.39 mg, 
respectively. Higher BPL_ were 
required to rapidly inactivate the virus in vitro than 


concentrations of 


1 USN. The assertions and opinions contained herein are the 
private ones of the authors and are not to be construed as 
official or reflecting the views of the Navy Department or Naval 
Service at large. 

2 Present 


N.Y. 


address: Wilmot Castle Company, Rochester 2, 


Army Chemical Corps, Fort Detrick, Frederick, Maryland 


were required to kill mice or to cause a toxic effect on 
cells in culture. It required 10 mg/ml of BPL to com- 
pletely inactivate a high-titered VEE virus preparation 
in 5 min and | mg/ml to inactivate most, but not all, 
of the virus in 15 min. A concentration of 0.1 mg/ml 
of BPL had only a slight effect on the virus after a 
period as long as 60 min. Evidence is presented in- 


———_— 


dicating that simultaneous inactivation of all of the 
properties of the VEE virus particles by BPL aerosols 
did not occur at the same time but that, after treat- 
ment, the virus possessed a limited ability to immunize 
mice despite a loss in infectivity. 





Numerous studies of the effects of liquid preparations 
of B-propiolactone (BPL) on viruses in tissues and 
biological fluids have appeared in the literature. These | 
studies and others related to killed vaccines prepared 
with BPL recently were reviewed by LoGrippo (1960). 
The number of viruses and rickettsiae reported to be 
inactivated by BPL vapor was extended by Dawson, 
Janssen, and Hoffman, (1959, 1960) to include Vene- 
zuelan equine encephalomyelitis virus and the causative 
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agents of smallpox, yellow fever, psittacosis, and Q and 79 
) indicat 


| followe 


fever. No quantitative data seem to be available, | 
however, comparing the virucidal levels of BPL with 
its toxicity levels for tissues or animals. In the present 
report, the toxicity levels of BPL for mice and for 


° f 
mouse-derived cell cultures are compared to the con- 


centration of BPL necessary to inactivate a viral agent | 


of known virulence for the same host. 
MATERIALS AND METHODS 


Preparation of cell monolayers. The preparation 0! 
monolayers of embryonic mouse lung cells was carried 
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mit according to the procedures described by Brown, 
and Officer (1959). Briefly, excised lungs 
embryos were trypsinized to make cell sus- 


Mayyasi, 
from the 
pensions of known concentrations which were then 
washed, resuspended in medium 199 (Morgan, Morton, 
and Parker, 1950) containing 20% horse serum (199 

Hos), planted in T-60 Earle flasks, and incubated at 
97 (’. Cell sheets derived from primary cultures which 
were subcultured for one passage were designated 
secondary cultures. Those that were subcultured for 
ten or more consecutive passages were designated as 
established cell lines. Only secondary cultures and 
established cell lines were used in the toxicity tests. 
With successive subcultivation, the confluent sheets of 
mixed cell types that originally were present, gradually 
gave rise to populations resembling our present L cell 
cultures. The latter are shortened spindle-shaped cells 
almost polygonal in appearance. 

Exposure and toxicity of BPL to cells in vitro. Im- 
mediately prior to use, the BPL was diluted in either 
cold sterile beef heart infusion broth (BHIB) or cold 
sterile balanced salt solution (BSS). The concentrations 
of BPL used ranged from 0.001 to 1.0 mg per ml of 
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fluid. One milliliter of medium-BPL mixture was added 
to cell monolayers containing 10° to 10° cells in T-60 
Earle flasks or 16- by 180-mm Pyrex test tubes; prior 
to the addition of the medium-BPL mixtures, the 
growth medium (199/HoS) was removed from the 
flasks and tubes, and the cell monolayers were washed 
with BSS. In one experiment, BPL diluted in cold 
sterile BHIB was introduced to the cells by adding the 
BHIB-BPL mixture directly to the growth medium. 
Cell cultures exposed to the medium-BPL mixtures 
were incubated at 37 C for 3 hr, and the pH of the 


' mixtures was maintained at 7 to 7.4 by the addition of 


2 or 3 drops of a saturated solution of sodium bicar- 
bonate. 


During the 3-hr incubation period, the cells were 
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» examined every half hour. At the end of this 3-hr 


period, the medium-BPL mixture, which presumably 


} contained the products of hydrolysis (Hoffman and 
' Warshowsky, 1958), was removed. The cell monolayers 


were washed with BSS; fresh growth medium (199/ 
HoS) was added. The cells were examined at 18, 24, 48, 
and 72 hr thereafter for evidence of toxicity which was 


indicated by rounding’ and granularity of the cells 
| followed by their sloughing off the glass. 


Exposure of mice to BPL solutions. Test animals, 
14 to 16 g, under ether anesthesia, were inoculated 
either intracerebrally or intranasally with 30, 3, and 
0.3 mg of BPL contained in 0.03 ml of BHIB. The 
mice were then observed for 10 days for clinical signs 
of toxicity. 

Preparation of tissue culture virus seeds for exposure 


} 'o BPL. Venezuelan equine encephalomyelitis (VEE) 
| virus was selected as a test agent because it provided 
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high titered seeds, i.e., 10° to 10° mouse intracerebral 
(MIC) LDs0 per ml of tissue culture fluid, and showed 
no loss in infectious titer during the test periods at 37 C. 

The tissue culture virus seed was prepared by 
inoculating an L cell monolayer containing about 107 
cells grown in medium 199/HoS with 10° MIC ups» of a 
stock egg seed (PES) virus. Eighteen hours after 
inoculation, the medium was removed and the mono- 
laver washed with BSS. After removing the super- 
natant, 15 ml of fresh BSS were placed over the cells 
which were reincubated at 37 C. At 36 hr the cells 
began to lyse. The supernatant was removed, dis- 
tributed in 2.0-ml amounts in sealed ampoules and 
stored in a Dry Ice chest. The resulting tissue culture 
seed (BSV) contained 10° Lps9 per ml as assayed in 
mice intracerebrally and 10°? Lbs9 per ml as assayed 
intraperitoneally. The titrations were carried out in the 
usual manner (Hearn, 1960). 

Virus inactivation with BPL solutions. Ten milliliters 
of a 10% tissue culture virus suspension was prepared 
using BSV diluted in BHIB at 37 C. Enough BPL was 
then added to provide concentrations of 0.1, 1.0, and 
10 mg per ml of fluid. Samples were removed for 
immediate intracerebral titration in mice (12 to 14 g) 
at 5-, 15-, 30-, and 60-min intervals. In one experiment 
an intraperitoneal titration was performed concurrently 
with the intracerebral titration. 

Virus inactivation with BPL vapor. Studies on the 
inactivation of virus by BPL vapor were carried out as 
follows: Gauze pads, 2 by 4 in., were inoculated with 
0.2 ml of egg embryo preparation of VEE virus con- 
taining 10°: mouse intracerebral Lp59. The pads were 
suspended by wire hooks attached to rubber stoppers 
at the top of a 4-liter cardboard drum. In one end of 
the drum a DeVilbiss no. 40 atomizer was inserted 
from which 30% BPL was sprayed. The stoppers with 
hooks holding the pads were inserted so that they 
could be removed at desired intervals during the BPL 
spraying. Once removed, the pads were immersed in 
9 ml of BHIB and agitated to liberate the virus into 
the liquid. The BHIB was then assayed for virus by 
intraperitoneal inoculation into mice (12 to 14 g). 


RESULTS 


Toxicity of BPL for cells in vitro. Results in Table 1 
show that minimal toxic levels of BPL for secondary 
embryonic mouse lung, established mouse lung and 
established L cells in monolayer ranged from 0.001 to 
0.1 mg BPL per ml of fluid. The differences depended 
vpon the diluent in which BPL was suspended and the 
cell lines used. All three cell lines withstood ten times 
more BPL suspended in BHIB than in BSS. 8-Propio- 
lactone was as toxic when dissolved in tissue culture 
medium containing 20% horse serum as in BHIB. For 
one of the diluents, BHIB, common to all three cell 
culture types, the toxicity level for all three varied no 
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more than twofold. For another of the diluents, BSS, 
the toxicity level for all three varied no more than 
tenfold. 

Toxicity of BPL in mice. All the test animals (20/20) 
given either 30 or 3 mg BPL contained in a 0.03-ml 
volume by intranasal instillation (IN) died within 48 
hr following inoculation (Table 1). A further tenfold 


TABLE 1. Toxicity of B-propiolactone (BPL) for mice and mouse- 
derived cell cultures 








H. J. HEARN AND 


lk. W. DAWSON [Vou. 9 
diiution of BPL resulted in the death of 8/0) of the 
injected animals. The amount of BPL nee: ssary to 
kill 50% of the inoculated animals was calc lated to 
be 0.31 mg. No deaths occurred in the contro! sroup of 
animals receiving an equal quantity of BHII) by the 
IN route. The intracerebral (IC) inoculation of either 
30 or 3 mg of BPL administered in a 0.03-m! volume 
caused the deaths of all the test animals (20/29) 
within 48 hr. A tenfold dilution resulted in the deaths of 
4/20 of the treated mice. Thus, 0.39 mg of BPL given 
IC was the calculated dose necessary to kill 50% of 
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(2 LDs) Of virus were inactivated. Subsequent. histo- 
pathological examinations of brain tissues taken from 
moribund mice revealed that cellular degenerative 
responses Were more extensive in the brains of mice 
that received both virus and sublethal doses of BPL 
than in the mice that received virus alone. 

Virus inactivation with BPL vapor. As reported earlier 
(Dawson et al., 1959), BPL vapor was found to be 
efficient in inactivating viruses. Complete viral in- 
activation, however, did not occur using the apparatus 
described above until the virus was exposed for 8 to 
10 min to BPL. Table 2 shows that a 3-min exposure 
to 4.5 mg BPL per liter of air failed to inactivate the 
virus. All of the mice died when inoculated with BHIB 
into which the gauze pad had been placed and agitated 
to release the virus. After 5-min exposure to BPL, 
however, only 4/20 of the inoculated mice died leaving 
survivors which resisted a challenge of 100 Lbs9 of VEE 
virus 3 weeks later. This suggested that a 5-min ex- 


: 
' 


posure destroyed almost all the infectious activity of 
the virus without destroying the immunogenic activity. 
Increased exposure periods of 7 and 9 min resulted 
only rarely in mouse death. Survivors from BPL 


exposures for this length of time, however, failed to 
, resist challenge with untreated virus. 
DiIscUSSION 
Tests in vitro showed that a liquid preparation of 

BPL was a highly efficient disinfectant for VEE virus. 
‘Large amounts of virus were destroyed after short 

periods of contact with small concentrations of BPL in 

Seither the liquid or vapor state. BPL was equally 
‘effective against virus prepared in an egg embryo seed 

suspension as against tissue-culture-produced virus 
suspended in a balanced salt solution. 

As first reported by Hoffman and Warshowsky 
(1958), the bactericidal activity of BPL plus its rapid 
inactivation and ease of application suggested that 
this chemical was of potential value as a 
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> TaBLE 2. Inactivation of VEE virus on gauze pads after various 
exposure periods to B-propiolactone (BPL) vapor 
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decontaminant for large areas (rooms, laboratories, 
etc.). Prospects of its efficacy gained in importance 
upon the demonstration that BPL efficiently in- 
activated many different viral agents (Dawson et al., 
1959, 1960; LoGrippo, 1960). In view of the present 
work, however, it is suggested that this chemical be 
used with precautions as described recently by Feazel 
and Lang (1959) and Spiner and Hoffman (1960). 
Among the reasons for this is the fact that mammalian 
cells (mouse) showed a low level of tolerance to the 
toxic effects of BPL as tested in tissue culture and by 
injection into crucial anatomical areas such as the 
brain or respiratory tract of mice. In fact, it was found 
that 10 to 1,000 times more BPL was needed for rapid 
virus than could be withstood by the 
tissue cultures and 2.5 to 30 times more than could be 
withstood by mice. 

Histopathologic examination of mouse brain sections 


inactivation 


disclosed that the degenerative response to active virus 
and subtoxic BPL was more intense than when either 
BPL or virus was given alone. This suggested that the 
biological and chemical agents may have acted syn- 
ergistically during the early intervals of virus inactiva- 
tion. 

While using one method of inactivating VEE virus 
with BPL, it appeared that total inactivation of all 
properties of the virus did not occur at the same time. 
Exposure of the virus to constant amounts of aero- 
solized BPL for various periods of time resulted in 
virus preparations of low lethality for mice and with a 
limited capacity to immunize. Mice injected with 
BPL-treated virus were able to withstand a challenge 
of 100 LD5o of virulent virus. 

Somewhat analogous results were obtained in studies 
of the aerosol inactivation of Coxiella burnetii in which 
serum from guinea pigs inoculated with inactivated 
rickettsial preparations showed a low-grade capacity to 
fix complement (Dawson et al., 1960). It is suggested 
that the test animals in these instances were inoculated 
with BPL-treated preparations in which the end point 
of infectivity had been reached and the mice that 
survived had received only inactive organisms posses- 
sing sufficient antigenicity to produce low-grade 
immune responses. In contrast to this, in other experi- 
ments in which a live, attenuated strain of VEE virus 
was used, the immunogenic response of the host was 
much greater (Hearn, 1960). 
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ABSTRACT 


Humpurey, ArTHUR FE. (Massachusetts Institute of 
Technology, Cambridge), Anp Joun T. R. NicKERSON. 
Testing thermal death data for significant nonloga- 
rithmic behavior. Appl. Microbiol. 9:282-286. 1961. 
The thermal death behavior of Bacillus stearother- 
mophilus spores in distilled water suspensions is non- 
logarithmic in dynamic as well as static tests. The 
explanation of heat lags as the cause of nonlogarithmic 
behavior is incorrect. 


—$—<—<—— a 


The controlled death of bacterial spores and 
knowledge pertaining thereto are important factors in 
the manufacture of canned foods and in the sterilization 
of broth for fermentations processes. Indeed, without 
such knowledge, many sterilization operations cannot 
be accomplished successfully. For this reason, con- 
siderable research effort has been devoted to the study 
of death of bacterial spores. After almost 60 years of 
intensive research, however, little understanding has 
been gained of the exact nature of bacterial death. 

In the design of all sterilization operations it has 
been assumed that the death of microorganisms can be 
adequately described by a logarithmic-type survivor 
curve. The amount of data which have appeared in 
the literature to substantiate logarithmic behavior has 
been so overwhelming that notable workers such as 
Rahn (1945) have stated ‘The order of death (of micro- 


1 Presented before the Division of Agricultural and Food 
Chemistry, 142nd Meeting, American Chemical Society, New 
York, N. Y., September 15, 1960. 

2 Present address: School of Chemical Engineering, Uni- 
versity of Pennsylvania, Philadelphia 4, Pa. 


organisms) is logarithmic.”? Even Ball and Olson (1957 
in their book Sterilization in Food Technology have 
written “. ..it is not unreasonable to believe that per- 
fect experimentation will eventually show this (sur- 
vival) curve to be truly exponential... . 

In spite of these resolute statements, nonlogarithmi 


” 


survivor curves are continually being reported in th 
literature; see Anderson, Esselen, and Fellows (1949), 
Collins et al. (1956), Davis and Williams (1948), El- 
Bisi and Ordal (1956a,b), Frank and Campbell (1957 
Kaplan, Lichtenstein, and Reynolds (1953), Kaufmai 
and Andrews (1954), LaBaw and Disrosier (1954), 
Malin (1952), Reed, Bohrer, and Cameron (1951), 
Reynolds and Lichtenstein (1952), Sugiyama (195! 
White (1953). Typical of such data are those obtained 
by the method of Stern and Proctor (1954) for thi 
thermal death of spores of Bacillus stearothermophilw 
strain I'S 7954 suspended in distilled water (see Fig. |. 
Halvorson (1958) has explained behavior of this typ 
as due to the use of insufficiently heat-shocked su. 
pensions. However, for the low temperature portion ¢i 
these data the lag time is much longer than the tim 
necessary for adequate heat activation. Ball and Olso 
(1957) have attributed nonlogarithmiec behavior to hea 
lags; but, in these experiments the heat lags wei 
carefully measured and accounted for in the results. 

Because of this confusing and contradictory natur 
of findings relative to the death of bacterial spores }) 
heating, it was felt worthwhile to investigate furthe 
the character of thermal destruction of bacterial spore 
In particular, it was felt that “dynamic character 
zation” of such data was needed. 

To date all thermal destruction studies on spor 
have been carried out ina static or isothermal manne! 
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ie, each data point is obtained from a constant temper- 
ature experiment. None has been obtained from tests 
in Which the temperature was varied in a predetermined 
manner. The reason for the emphasis on isothermal 
studies is that they have the advantage of being rela- 
tively simple to interpret. Presumably, they yield data 
representative of point conditions in a heat processing 
operation. This statement may be questioned. Each 
isothermal experiment has an inherent dynamic quality. 
The bacterial suspension being studied must follow 
some time-temperature path to be brought up to the 
experimental temperature and another time-temper- 
ature path to “quench” the death reaction. As previ- 
ously mentioned, certain experimentors believe that 
these “heat-up” and ‘‘cool-down” portions of the experi- 
ment may account for nonlogarithmic behavior. By 
continuously varying the temperature in a predeter- 
mined manner, this objection can be overcome in part. 
Data obtained from such experiments truly represent 
point conditions. It was this reasoning that suggested 
the use of varying temperatures or “dynamic” thermal 
death experiments. 
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riG. 1. Typical death rate data for spores of Bacillus stearo- 
thermophilus strain FS 7954 in distilled water. 
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Of the various time-temperature functions that can 
be readily generated by experimental methods such as 
step, exponential, and sinusoidal functions, the sinu- 
soidal function has distinct advantages. Most important 
of these is that it varies about a mean which allows 
one to pick a mean temperature that will optimize the 
experiment. Also, the rate of variation can be changed 
by varying the frequency of oscillation. Differences in 
response at several rates of variation would suggest 
that the data do not represent point conditions. 

Data from sinusoidally varying temperature experi- 
ments can be analyzed in the following manner: First 
the thesis is accepted that in dynamic situations the 
point thermal death data can be represented by loga- 
rithmic behavior. Mathematically this statement means 
that 

dN _ kN 
as 
or a (1) 
In(N)/(Ny) = — | k do 
0 


where No is the initial concentration of bacteria per 
unit volume, N is the concentration of bacteria in this 
same volume at time 6, and k is a rate constant for 
the death process. Over a reasonably narrow temper- 
ature range, an Arrhenius-type equation can be used 
to relate the death rate constant to the point temper- 
ature conditions. 


k = ae/r (2) 


In this expression a and 6 are constants for a particular 
microorganism in a particular suspension and 7’ is the 
absolute temperature. In the case of a sinusoidally 
varying time-temperature profile, one can write the 
equation 
T = To + sin (w6) (3) 
where 7’) is the mean temperature, f, is the amplitude 
of the temperature oscillations, @ is the time, and w is 
the frequency of oscillation. 
l'rom these relationships, equations | to 3, the death 
behavior of microorganisms in a sinusoidally varying 
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r1G. 2. Behavior of equation 4. Left—constant amplitude; right—constant frequency. 
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temperature bath can be described by the function 


6 
In (N/No) = —a [ eee (4) 
0 
The behavior of this function is depicted in Fig. 2. 
Analysis of this figure shows that by increasing the 
amplitude of temperature oscillations about a mean 
temperature, greater deviation from isothermal con- 
ditions can be produced. Varying the frequency or rate 
of temperature change at a given amplitude about some 
mean temperature produces no change in the average 
deviation from isothermal conditions. Most important, 
the mean behavior of this function is a straight line on 
a semilogarithmic plot. Therefore, if the point con- 
ditions of death are truly logarithmic in behavior, 
dynamic experiments employing sinusoidally varying 
temperatures about a constant mean will also produce 
a logarithmic-type behavior. 

It was this thesis which was tested in these experi- 
ments, i.e., would dynamic tests in the nature of sinus- 
oidally varying temperatures show thermal death 
behavior of bacterial spores to be logarithmic or non- 
logarithmic ? 


EXPERIMENTAL PROCEDURE 


Distilled water suspensions of spores of Bacillus 
stearothermophilus (NCA Flat Sour Bacillus no. 7954) 
and of Clostridium sporogenes (NCA Putrefactive 
Anaerobe no. 3679) were studied. These particular 
spores were used because both show nonlogarithmic 
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FIG. 3. Death rate data for spores of Bacillus stearother- 
mophilus strain FS 7954 at 103.2 + 0.5 C. 





thermal death behavior. Only the results of 
thermophilus will be reported here although + 
sults were obtained with C. sporogenes (H 
1960). Both isothermal and nonisothermal t. 
performed. In the isothermal tests, the appa: 
procedure devised by Stern and Proctor (1' 
used for exposing bacterial suspension to ¢ 
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Nilar re. 
inphrey, 
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4) was 
inditions 


of constant temperatures in a manner that minimized 


heat-up and cool-down lags. 


Throughout these tests, thermal death tubes ¢eop. 
taining 0.025 ml of a 1:200 dilution of stock spor 


suspension (assay 1.4 X 10° spores/ml) we 


‘re used, 


The tubes were prepared from Kimbel brand melting 


point capillary tubes, 0.8-mm inner diameter, 


1.5-mm 


outer diameter, and 3 in. long. The suspension was 
sealed in the lower half of the tube and the upper hai 
of the tube was bent over forming a cane to facilitate 
handling. Before a test run, the spores in each tube 
were heat shocked by placing the tubes in boiling water 
for 5 min. After each tube had been exposed to th 
conditions of a particular test, it was dipped in cleaning 
solution to eliminate traces of oil from the test heating 
bath, rinsed with tap water, rinsed with sterile distilled 


water, wiped with a sterile tissue, and then 


dropped 


into a test tube containing 10 ml of sterile distilled 
water. After crushing the thermal death tube with : 
sterile glass rod and thoroughly dispersing the released 


material, aliquots of the resulting suspension 


were as- 


sayed according to standard bacteriological techniques 
for diluting, plating, and counting. Halvorson’s count- 
ing medium agar was used as the plating medium. 

In the isothermal runs, seven thermal death tube: 
were used in each test. Of these, five were selected fo! 
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Bacillus stearothermophilus strain FS 7954. 
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assay. Duplicate assays were run on each sample tube. 
This resulted in ten assays for each datum point. Figure 
3 shows typical death rate data obtained for B. stearo- 
thermophilus spores at 103.2 C. The nonlogarithmic 
iehavior is obvious. Despite this behavior, death rate 
constants for such data can be correlated by an 
Arrhenius-type plot (see Fig. 4) provided that the tail 
end portion of the data is used where logarithmic 
behavior is approximated. 

In the nonisothermal runs, approximately 40 thermal 
death sample tubes were selected for each run. After 
heat-shocking procedures, 4 tubes were set aside as 
the zero time samples and 24 of the remaining tubes 
were placed in an oil bath in which the temperature 
was varied sinusoidally. Every minute a sample tube 
was withdrawn from this bath, quenched in cold water, 
and duplicate assays made as previously described. 
The time-temperature history of the thermal death 
tubes was determined by recording the output of a 
34-gauge copper-constantan thermocouple with a 100- 
msee response which was sealed in one of the thermal 
death tubes that had been filled with 0.025 ml of dis- 
tilled water. Figure 5 illustrates a typical time-temper- 
ature profile for one of the runs. 


{ESULTS 
Three nonisothermal runs were examined in detail. 
The conditions of these runs were as follows: 


Run No Mean Temp Amplitude Frequency 
"C °C cycles/min 
9 108.1 +4.0 1.02 
10 108.9 4.2 0.52 
1] 108.9 2.0 1.00 


igure 6 is a plot of the data for run no. 9. Similar 
plots were obtained for runs no. 10 and 11. Two curves 
have been drawn through the data, one curve repre- 
senting a least squares fit of the data by a linear re- 
lationship, i.e., 


y=art be (5) 


The other curve is a least squares fit by a second 
degree polynomial, i.e., 


y=at br + cr’ (6) 
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5. Excerpt of time-temperature history for run no. 9. 
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To obtain these relationships the following transfor- 
mations of the data were made 







































y = log (N/10) (7) 
r=60 (8) 


rom visual observation it appeared that the poly- 
nomial or nonlogarithmic relation was a better fit of 
the data than the linear or logarithmic relation. Because 
of the variability of the data, it was necessary to 
establish the statistical significance of such a statement. 
To do this an analysis of variance of these two fits was 
made as outlined by Bennett and Franklin (1954). The 
reduction in sum of squares was tested by an F test 
at the 0.5% level of significance against the mean 
square remaining after curvilinear regression, 1.e., 


Ky a Y)rinear = L(y — P)Peurvitinear 
PF ~ ~ly inaid $Y curvitinns (9) 
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r1G. 6. Nonisothermal data for spores of Bacillus stearother- 
mophilus strain FS 7954, run no. 9. (Frequency = 1.02 cycles/ 
min, Tmoan = 108.1 C, amplitude = + 4.0 C.) 


TABLE 1. Test for significance of departure from linear 


regression for run no. 9 


Source of variation Sum of Mean —e 
squares squares freedom 
Deviations from linear regres- 
sion : een Oe Ad 3.633 0.0790 46 
Deviations from curved re- 
Ce rer We | 0.0404 45 
Curvilinearity of regression... 1.815 1.815 1 


F = 1.815/0.0404 = 45.0. 
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The F — distribution tables, where 


Fae oe (10) 
v/Ne 
were entered at nm; = 1 and ny = n — 3 and checked 
to see whether F> F,,.,, at the 0.5°% level of sig- 
nificance. (See Table 1 for a summary of the calcu- 
lations for run no. 9.) In all cases F > F,,,,,, . There- 
fore, the hypothesis of linear regression (logarithmic 
behavior) was abandoned and it was concluded that 
there was significant curvilinearity (nonlogarithmic be- 
havior) in the regression and hence the data. 
DiscussION 
It would appear therefore that the time has come 
to stop blaming poor technique and data as the cause 
of nonlogarithmic behavior. Perhaps an explanation 
can be found in the normal behavior of the organism. 
One possible explanation for nonlogarithmic behavior 
which the authors are currently checking in continuing 
studies is that of death due to destruction of a heat- 
induced, heat-labile reproduction initiator. The fact 
that thermal death rate curves frequently extrapolate 
back to a zero time concentration of 4 to 10 times the 
initial spore concentration could indicate that there 
are 4 to 10 of initiators in each cell. Death or, in this 
hypothetic case, failure to reproduce would not occur 
until all of the reproduction initiators in the cell have 
been destroyed. The initial increase in concentration 
that is frequently observed in thermal death data and 
usually explained as inadequate heat shocking could 
be explained by a heat-induced initiator. The initiator 
could be thought of as tied up in a less heat-labile and 
inactive state from which it would be freed by heat but 
eventually destroyed by further heating. Such a phe- 
nomenon could give rise to thermal death behavior simi- 
lar in character to that observed in these experiments. 
Only the latter portion of the thermal death rate curve 
would approach logarithmic behavior. 
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ABSTRACT 

Seitz, EUGENE W. (Oregon Agricultural Experiment 
Station, Corvallis), P. R. ELLikER, AND W. E. SANDINE. 
\ pigment-producing spoilage bacterium responsible 
for violet discoloration of refrigerated market milk and 
cream. Appl. Microbiol. 9:287-290. 1961.—A_psychro- 
philic strain of bacteria identified as Chromobactertum 
lividum was established as the causative agent of an 
outbreak of violet discoloration in refrigerated, pasteur- 
ized retail milk and cream. 

The organism was rod-shaped, gram-negative, and 
produced viscid colonies with abundant violet pigment 
on Tryptone glucose yeast extract agar. Growth was 
abundant at 4 C but none occurred at 37 C. Growth 
in milk was characterized by a dark violet ring at the 
surface after a few days, and the deep violet color 
gradually extended through the product in older cul- 
tures. Some proteolysis occurred. The pigment appeared 
to be similar to that of other known species of Chromo- 
bacterium and assisted in identification of the genus of 
the causative organism. 

The isolated strain of C. lividum was destroyed by 
exposure to 56 C for 5 min which suggested postpasteur- 
ization contamination as the source of the spoilage 
organism in commercial milk and cream. 


ES 


An investigation was conducted to determine the 
cause of an outbreak of violet discoloration in market 
cream from two different dairy plants in Oregon. Both 
plants were located in the same city. The defect oc- 
curred chiefly in cream, but occasionally also in market 
milk. The discoloration varied in intensity from a barely 
discernable shade in 2-day-old samples to a deep, in- 
tense violet in older milk and cream. In most instances, 
the defect occurred in the refrigerated product at 
temperatures ranging from 2 to 10 C. A slightly viscous 
consistency and glistening appearance often accompa- 
nied discoloration of cream. The violet color usually 
appeared first at the surface and when samples were 
stored for periods of several days to a few weeks, the 
entire container of cream became discolored. This re- 
port deals with the isolation and characterization of 


‘Technical paper no. 1347, Oregon Agricultural Experiment 
“ation. Contribution of the Department of Microbiology. 





the causative organism of this defect which to our 
knowledge has not previously been reported in dairy 
or other food products. 


MATERIALS AND METHODS 


Isolation. Considerable difficulty was encountered in 
isolating the bacterium. First attempts to grow the 
organism on conventional agar or broth media inocu- 
lated with defective cream were unsuccessful. However, 
when 12% sterile cream was used as an enrichment 
medium, the organism grew upon incubation for 4 
weeks at 4 C and subsequently was isolated in pure 
culture. The culture, after original isolation, was carried 
without difficulty on TGY (Tryptone, glucose, yeast 
extract) agar or in TGY broth media incubated in the 
laboratory at refrigeration (4 C) or room (25 C) temper- 
atures. 

Characterization. Preliminary observations suggested 
that the violet, pigment-producing spoilage organism 
was a species of Chromobacterium. Consequently, five 
similar species of Chromobacterium were included in 
the investigation as an aid to identification and charac- 
terization. It was possible to compare morphological, 
cultural, physiological, and pigment characteristics for 
all six organisms. Three of the stock cultures were from 
the American Type Culture Collection, one from the 
Hopkins Marine Station, California, and one from the 
Oregon State University culture collection. 

The morphology of the organism was studied using a 
variety of conventional staining techniques (Society of 
American Bacteriologists, 1957). The electron micro- 
scope RCA EMU model D2 was used to study flagel- 
lation and general morphology. 

A wide variety of nutrient media was used under 
varying conditions to establish properties of the violet 
bacterium and to enable comparison with the other 
species of Chromobacterium used in the study. A number 
of catabolic activities of the new isolate and stock 
cultures was studied using conventional methods to 
test for end products of degradation (Society of Ameri- 
can Bacteriologists, 1957). The tests for lecithinase 
activity and for esculin hydrolysis were described pre- 
viously by Sneath (1956). Heat resistance studies were 
carried out as described by Sneath (1956). 

Nitrate and nitrite reduction were studied using five 
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different media. These were Difco’s nitrate broth (Difco 
Laboratories, 1953), ZoBell’s (1932) nitrate and nitrite 
broths, Trypticase nitrate broth (Baltimore Biological 
Laboratory, 1956), and a nitrate medium containing 
1.0 g Bacto-peptone, 0.5 g potassium nitrate, and 0.5 ¢ 
sodium chloride per liter. 





FIG. 1. Electron micrographs of the newly isolated Chromobac- 


terium. 





FIG. 2. Six strains of Chromobacterium, newly isolated and 
stock strains, grown on TGY agar. The organism responsible for 
violet discoloration of cream produces deeply pigmented colonies 
as shown on the plate. The slant cultures arranged from left to 
right are: C. 
6915; C. violaceum var. amethystinum; C. 
and C. violaceum strain 6355. 


violaceum; the new isolate; C 
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Pigment studies were conducted as a furt! 
of characterizing the organism. Crude viol:a-ecin was 
extracted from cell harvests of Chromobacte: ‘wm pig. 
laceum strain OSU and the newly isolate: 


Means 





Species 
using 95% ethanol. The extract solution \Was cep. 
trifuged and Seitz filtered. Absorption specira were 
determined in Beckman model B and DU spectro. 


photometers. The crude extracts of each organism were 
fractionated using one-dimensional ascending paper 
C). The 
developing solvent used was isopropanol and water 
(6:4). 

Four well-defined and parallel pigment fronts could 
be seen after development. Each front was eluted from 
the paper with 95% ethanol and then was centrifuged 
and Seitz filtered. The four different fractions thus 
obtained from both pigment extracts then were sub- 
jected to complete spectrophotometric analysis between 
280 and 1,000 mu. 


chromatographs at room temperature (25 


RESULTS 


Morphology. Pure culture studies showed the or- 
zanism to be a gram-negative rod. Cells were motile, 
single, rod-shaped, with rounded ends, and were ap- 
proximately 3 uw long and 0.6 uw wide. They exhibited 
little pleomorphism. The organisms appeared to be 
without fat bodies, capsules, or endospores. Single polar 
flagella were observed after staining by Leifson’s (1956) 
method. Several electron micrographs of the new or- 
ganisms revealed cells possessing polar, subpolar, and 
short, lateral flagella. The cells under this type of 
magnification were cylindrical with rounded ends. 
Some cells were slightly curved. Figure 1 shows en- 
larged electron micrographs of the organism. 

Cultural characteristics. Nutrient agar slants incu- 
bated at 4 C showed violet, pigmented growth after 





FIG. 3. Four Chromobacterium strains grown in nonfat milk 
The bottle cultures arranged from left to right are: C. violacew 
var. amethystinum; C. violaceum strain OSU; C. amethystinw 
strain 6915; uninoculated control; and the causative organism ¢ 
violet discoloration of commercial milk and cream. 
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tdays. The pigment became much darker after several 
more days of incubation. 

Similar results were observed using slopes of TGY 
agar which were more satisfactory for growth and 
pigmentation than nutrient agar, especially at tem- 
peratures above refrigeration. The growth on TGY 
dant cultures was abundant, echinulate, viscid, and 
deeply pigmented. 

Colonies on nutrient agar after 4 days at 4 C were 
dark violet, smooth, convex, circular, raised, entire, 
and gelatinous. Discrete colonies on TGY agar ap- 
peared after incubation for 48 hr at 21.5 C. A typical 
plate bearing colonies is illustrated in Fig. 2. Old 
colonies (10 days) were 10 mm in diameter and the 
margins were lobate in most cases. Colonies easily 
could be removed intact from the agar surface, and 
they did not fluoresce under ultraviolet light in the 
dark. Odors given off by organisms growing on TGY 
agar plates were somewhat putrefactive. Subsurface 
colonies were very small and remained unpigmented. 

Growth in the form of a violet surface ring occurred 
in TGY broth incubated at 21.5 C but not at 30 C. 
(ells formed a thick and viscid mass that adhered to 
the glass and remained at the surface. The underlying 
medium remained clear. 
exhibited a gelatinous consistency but no violet pig- 
ment. Generally, better growth occurred on the surface 
of TGY agar than in broth. 

Litmus milk tubes incubated at 21.5 C for 5 days 
contained heavy, gelatinous, violet pellicles, and in- 


Sedimentation occurred and 


dieation of an alkaline reaction was present (see Fig. 3). 
present the 
litmus milk. The organism did not grow on potato 
slopes at 30 C, but grew very well at 4 or 21.5 C and 
produced dark-violet pigment. There was no starch 


Considerable catalase activity was in 
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hydrolysis at 4, 21.5, or 30 C after 5 days. Convex, 
smooth-surfaced, shiny, dark-violet colonies were ob- 
served on nutrient butter fat agar, but no hydrolysis 


of 
or 


fat occurred after incubation for 5 days at 4, 21.5, 
30 C. Growth on moistened sterile rice grains was 


excellent and the pigment increased progressively 
from 24 to 62 hr. 


Growth of the newly isolated organism on Difco 


blood agar base resulted in colonies having a butyrous, 
dark violet pigment. The addition of 0.5 % human blood 
‘aused a change in the colonies from a smooth to a 


ve 


ry rough form. 
The organism rapidly liquefied nutrient gelatin at 


21.5 C and plates of this medium were extensively 
proteolyzed within 40 to 60 hr. No liquefaction of 
gelatin occurred at 4 C after 7 days, but some liquefac- 
tion was evident after 21 days. 


Growth and pigment production were excellent on 


Loeffler’s serum slopes but no liquefaction occurred. 


Physiological characteristics. An examination of the 


growth rates was conducted at various temperatures 
of incubation in an effort to determine the proper 
temperature for physiological studies. The most suit- 
able of the temperatures used was 21.5 C. This tem- 
perature, therefore, was employed in all subsequent 
studies. For convenience, the organisms were designated 
either as psychrophiles or mesophiles on the basis 
of growth at 4 and 37 C; those organisms growing at 
4 C but not at 37 C were designated as psychrophiles 
and those growing at 37 C but not at 4 C were de- 
signated as mesophiles. The newly isolated Chromo- 
bacterium was placed in the psychrophilic group. 


A comparison of characteristics between psychro- 


philic and mesophilic strains of Chromobacterium may 


be 


seen in Table 1. The newly isolated organism 


TABLE 1. Cultural and physiological characteristics of psychrophilic and mesophilic strains of Chromobacterium 


Test 
Newly isolated 
Chromobacterium 


pGrowth at 4C..... 3+ 
Acid from trehalose. . ee 
Hydrolysis of esculin: 
(a) Broth... 3+ 
(b) Agar....... 3+ 
Acid from glucose = 
Utilization of citrate 4+ 
Proteolysis of milk. . 2+ 
Egg yolk agar lecithinase activity Ee I+ 
HS production... ... ; eae 2+ 
Indole from tryptophan 3+ 
Urease activity. .... 1+ 
Gelatinous growth. 3+ 


Amount of fat in cells 
Pigmented sediment in broth 


— = Negative reaction; + = barely 


discernible; 1+ 





Psychrophilic 


C. amethystinum C 
ATCC strain 


6915 


4+ 
4+ 
14 
3+ 
4+ 
2+ 
2+ 
3+ 
2+ 


scanty; 2+ 


Mesophilic 


C. violaceum 
ATCC strain 
6357 


C. violaceum 
ATCC strain 533 


. violaceum var. C. violaceum 
amethystinum strain OSU 


_ 2+ Le I+ 
24 ~ - - 
oe 1+ i+ 1+ 
2+ - - ~ 
2+ - - - 
1+ 2+ 2+ 2+ 
3+ 1+ - + 
+ 44 4+ 4+ 
- a+ 2+ 2+ 
44 - - - 
2+ ~ ~ - 
3+ ~ ~ - 
i+ - ~ - 
- 1+ 1+ 1+ 





= fair; 3+ = good; 4+ 


very good. 
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apparently was unable to produce acid from any 
carbon source unless incubated at 4 C. At this tem- 
perature, acid was produced from dextrose in 7 days. 

The new isolate failed to reduce nitrate in all of the 
nitrate media employed. Considerable growth occurred 
in broth containing 7.5% sodium chloride. Greater 
tolerance of alkalinity than acidity was exhibited as 
the organism grew at approximately pH 9.5, but 
failed to grow at pH 5.0. 

In heat resistance studies, 48-hr broth cultures of 
the newly isolated Chromobacterium were subcultured 
after heating at 56 C for 5 min. All subcultures were 
negative. The 48-hr broth cultures also were negative 
for growth after heating the culture tubes at 56 C 
for 30 min followed by incubation at 21.5 C for 48 hr. 

Pigment characteristics. The results suggested that the 
pigment from the OSU strain of C. violaceum was 
closely related to the pigment of the new isolate of 
Chromobacteritum. The absorption curves from the 
pigment extracts for both organisms showed peaks at 
approximately 580 my. Butanone and water (8:2) 
caused separation of a yellow fluorescent pigment from 
the violet pigment using the ascending chromato- 
graphic method described. When isopropyl alcohol 
and water (3:2) were used, the crude pigment appeared 
to arrange itself into four separate bands parallel to 
the front of the solvent. The most mobile fraction 
consisted of a yellow band which was fluorescent 
under ultraviolet light. The other three fractions were 
not fluorescent. The band following the yellow band 
was tinted yellow. It was followed by a third band 
which was light violet in color. This band in turn was 
followed by the least mobile band which was dark 
violet in color. The spectral analyses of the respective 
fractions obtained from the crude pigments were 
similar for the newly isolated Chromobacterium and 
C. violaceum strain OSU. 


DIscusston 

The genus Chromobacterium includes those organisms 
that produce the violet pigment, violacein. In fact, both 
Gilman (1953) and Sneath (1956) have excluded from 
the genus all organisms not producing violacein. Re- 
sults of spectral analyses on the violet pigment in this 
investigation agree closely with those of Gilman (1953). 

In contrast to the clarity of the generic designation, 
the classification at the species level in this genus is in 
a state of confusion. Species names in some instances do 
not clearly identify the organism. 

The results of this investigation indicate that at the 
present time C. violaceum is the only species of this 
group that might be classed as a mesophile. Of the 
organisms studied by the authors, it appears that 
C. violaceum strain OSU, C. violaceum strain 553, and 
C. violaceum strain 6357 are all mesophiles. Further- 
more, the cultural and physiological similarities shown 
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in this study between the newly isolated 
bacterium, Chromobacterium 


‘hromo- 
var. -smethys. 
tinum, and Chromobacterium amethystinum stv:.in 6915 
indicate that these organisms are all the samc species, 
According to Sneath (1956) the first Chromotiucteriym 
recognized as a psychrophile was Chromoluicteriym 
lividum. Kach of these three psychrophiles, therefore. 
may be considered strains of this organism. For purpose 
of convenience, the newly isolated Chromobuacterium 
has been designated C. lividum strain OSU. 

The gelatinous property of C. lividum strain OS. 
suggested that this organism originally came from soil 
or water. Corpe (1951) noted that gelatinous (hromo- 
bacterium species originated from the soil and that 
nongelatinous came from other sources. The fact that 
the organism appeared in two different dairy ‘plants in 
the same city suggested the possibility of its originating 
on the farm, possibly from soil. From this source it 
could have established itself on utensils and gained 
entrance to the milk supply of the two plants. 

Another possible source may have been the city 
water supply used by both plants. The Chromobacterium 
might have entered the plants by this route and gained 
entrance to the pasteurized product from equipment 
contaminated by the water supply. Heat. resistance 
studies demonstrated that it was easily destroyed by 
pasteurization and thus contamination of the product 
must have been postpasteurization. 


violaceum 
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ABSTRACT 


DworscHack, Ropert G. (Northern Regional Re- 
varch Laboratory, U. S. Department of Agriculture, 
Peoria, Ill.), AND LyNFERD J. WicKERHAM. Production 
of extracellular and total invertase by Candida utilis, 
Saccharomyces cerevisiae, and other yeasts. Appl. Micro- 
biol. 9:291-294. 1961.—Some strains of Candida utilis 
produce exceptionally large amounts of extracellular 
and total invertase. Strain Y-900 of C. utilis produces 
high yields whether the carbon source is sucrose, 
elucose, maltose, or xylose and still higher yields with 
lactic acid, glycerol, and ethy! alcohol. Approximately 
” to 30% of the total invertase of C. utilis is extra- 
cellular. 

Strains of Saccharomyces cerevisiae and Saccharomyces 
carlsbergensis are generally inferior to C. utilis in 
production of extracellular and total invertase, the 
difference being accentuated in shaken cultures. 

The industrial yeasts are generally superior in in- 
vertase production to the other yeasts included in the 
survey. 





Contrary to accepted opinion, Wickerham (1958) 
demonstrated by a biological assay procedure that a 
few yeasts produce appreciable amounts of extra- 
cellular invertase. Most yeasts he tested showed little 
or no extracellular activity. There was much variation 
from strain to strain of some of the species studied, 
such as Saccharomyces cerevisiae. Dworschack 
Wickerham (1958), using a chemical procedure for 
estimation of invertase, determined some factors in- 


and 


fluencing the production of extracellular and bound 


invertase strain NRRL 
Y-972., 


The present study was started as a survey of species, 


by Saccharomyces warum 


particularly in the genus Saccharomyces, to learn their 
capacity to produce extracellular invertase when grown 
in still and shaken cultures. High yields were found in 
Candida utilis, an industrial species used to make feed 
yeast. various uses in food 


Because invertase has 


1 
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industries and for the hydrolysis of sucrose in molasses, 
most of the survey thereafter centered around in- 
dustrial yeasts. 


MATERIALS AND METHODS 


Cultural procedures and the survey medium were 
the same as described by Dworschack and Wickerham 
in 1958. Invertase activity was measured according to 
Sumner and Howell (1935). Reducing sugars were 
determined by the Somogyi (1945) micromethod. The 
number of milligrams of reducing sugar formed at 
pH 4.5 and 20 C in 1 hr by the enzyme in 1 ml of 
supernatant or whole culture was used to express the 
invertase activity. Data were corrected for the re- 
ducing value of the medium. 

The standard survey contained 3% sucrose, 0.5% 
peptone, and 0.3% yeast extract. Yeasts were cul- 
tivated in shaken (aerobic) and still: flasks (anaerobic) 
at 28 C for 5 days. In studies with C. utilis and 
Hansenula jadinii other sources of carbon were also 
used. Inocula for media containing pentoses, alcohols, 
and salts of organic acids were grown in Wickerham’s 

TABLE 1. Extracellular invertase produced by 
various yeasts 


Extracellular 
invertase 


Species oe S 
Shaken | Still 
cultures cultures 
units* unils 
Cryptococcus albidus Y -1400 FO 30c7 
Debaryomyces dekkeri Y-1269 33.9 | 0.0 ° 
Endomycopsis fibuliger Y-25 2.9 | 26.8 
Kluyveromyces polysporus Y -2399 54.6 | 54.2 
Saccharomyces ashbyi Y -1598 84.0 | 63.4 
Saccharomyces drosophilarum Y-1979 | 28.9 | 30.4 
Saccharomyces fragilis Y-1109 38.3 | 8.3 
Saccharomyces fructuum Y-2230 | 31.3| 6.8 
Saccharomyces intermedius Y-1540 11.9 | 40.1 
Saccharomyces lactis Y-1205 27.7 | 30.7 
Saccharomyces logos Y-671 33.6 | 16.7 
Saccharomyces oviformis Y -1356 36.0 20.8 
Saccharomyces validus Y -1374 53.9 | 26.0 
Torulaspora roset Y-1567 | 50.6 7.1 
Torulopsis colliculosa Y-172 | 210.8 | 17.3 


* Milligrams of invert sugar formed in 1 hr at 20 C and pH 
4.5/ml enzyme solution. 
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(1951) chemically defined nitrogen base medium pro- 
duced by Difco as Yeast Nitrogen Base*. Two serial 

’ The mention of trade names is for purpose of identification 


and does not constitute endorsement by the U 
of Agriculture. 


. 5. Department 


TABLE 2. Extracellular and total invertase produced by 
industrially important species other than Candida 


utilis and Saccharomyces 


Invertase production 


: Shaken Still 
Type Species eon culture culture 
Extra Extra- 
cellu- | Total | cellu- | Total 
lar lar 
units* | units | units | units 
Feed Candida arborea Y-2020 | 6.2) 15.8) 4.3) 9.3 
Feed Candida tropicalis | Y-1410) 3.2) 9.3) 4.3) 9.3 
Feed Hansenula subpel- | Y-1683 | 13.2:136.0) 5.4) 21.1 
liculosa 
Fat Lipomyces starkeyi | Y-1388 | 9.9 15.9) 13.1) 13.1 
Fat Lipomyces starkeyi | Y-1389 | 7.0) 18.5) 13.1) 13.2 
Feed and Rhodotorula gracilis; Y-1091 | 11.8) 66.0) 18.5.244.0 
fat 


Protein  Hansenula jadinii | Y- 


In sucrose 183.5.581.0) 43.4126.8 
medium 
In glucose 


medium 


199 .4.518.0) 32.3)118.8 


* Milligrams of invert sugar formed in 1 hr. at 20 C and pH 
4.5/ml enzyme solution. 
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transfers on a shaker adapted cells to the spe: itic carboy 
source before their use in the final inoculatio: 
medium consisted of the standard medium © <cept that 
sucrose was replaced by 3% of the carbon «ompound 
under study. All media were adjusted to pH 60 to 
6.2. 

The molasses media that were used in th study of 
C. utilis contained 6% molasses, 0.3% urea, 03° 
phosphate buffer, and 0.1% ammonium suliate, The 
pH before inoculation was 6.5; the final pH was 
and 4.3 to 4.4 for cane 


lhe final 


5.3 to 6.6 for beet molasses 
molasses. 

Extracellular invertase activity was determined on 
the supernatant after centrifuging at 2,000 rev min for 
10 min. Total invertase activity was determined di- 
rectly on the whole cultures, the sample being removed 
while the cells were uniformly suspended throughout 
the culture. 


RESULTS 


A survey was made of 68 species in 17 genera of 
yeasts; most of the strains represented 28 species of 
Saccharomyces. A large majority of strains from the 
68 species produced very low yields of extracellular 
invertase in both shaken and still cultures. Only 
those which yielded 25 units or more of extracellular 
invertase either aerobically or anaerobically are listed 
in Table 1. The highest yields were given by Sae- 
charomyces (Zygosaccharomyces) ashbyi, Torulopsis col- 


TABLE 3. Extracellular and total invertase produced by strains of Candida utilis 


Source of strain 


NRRL no 


From caecum of cow Y B-4068 
Y B-4062 
Y B-2708 
YB-4365 
Y -1427 

YB-3217 
Y B-3965 
Y -1082 


From caecum of cow 

Slime flux of mulberry tree 

Feed yeast plant, whey 

Feed yeast plant, wood hydrolyzate 

Feed yeast plant, sulfite liquor 

From flowers, Taraxacum sp. 

Food yeast plant, molasses; C. utilis var. 
thermophila 

Food yeast plant, molasses; C. utilis var. Y -1084 

major 


Feed yeast plant, sulfite liquor Y-900 


* Milligrams of invert sugar formed in 1 hr at 20 C and pH 4.5/ml enzyme solution. 


Invertase production 


Carbon source Shaken culture Still culture 


Extracellular Total Extracellular Total 
units* units unils units 
Sucrose 73.4 581.0 13.0 126.8 
Sucrose 69.8 684.0 17.2 140.0 
Sucrose 74.2 520.0 22.5 146.5 
Sucrose 41.2 718.0 15.3 96.5 
Sucrose 257 .3 792.0 32.2 103.0 
Sucrose 363 .0 3,400.0 54.4 389.5 
Sucrose 425.0 3,400.0 32.2 219.2 
Sucrose 233 .0 910.0 19.6 179.6 
Glucose 222.0 872.0 42.8 161.0 
Sucrose 137.2 1,109.0 34.9 207.2 
Glucose 116.2 1,056.0 32.2 191.5 
Mannose 317.0 581.0 43.0 158.5 
Xylose 253.0 2,020.0 74.0 $12.0 
Beet molasses 518.0 1,755.0 79.5 348.0 
Cane molasses 296.0 1,347.0 58.0 269.0 
Sucrose 386.0 1,742.0 28.9 201.0 
Glucose 324.0 1,478.0 27.9 179.5 
Mannose 475.5 925.0 21.0 182.0 
Xylose 491.0 2,020.0 72.4 414.0 
Beet molasses 892.0 2,270.0 63.5 358.0 
Cane molasses 449.0 2,050.0 63.5 285.0 
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285.0 








jiculosa, und Hansenula jadinii. Results from the first 
two species are given in Table 1, and from the last 
species in Table 2. 

In our opinion H. jadinii is very closely related to 
(Candida utilis and may, indeed, be identical with it 
except for the very few ascospores produced (Wicker- 
ham, 1951). Strains of C. utilis gave high yields also 
(Tables 3 and 4), so high, in fact, that only the mating 
types of sexualiy agglutinative species of Saccharo- 
myces (Wickerham and Dworschack, 1960) have as 
yet given equal yields. The effluents of plants pro- 
ducing (. utilis as feed yeast are generally discarded. 
Perhaps the invertase content of effluents may be high 
enough to warrant recovery of the invertase, and the 
yeast cells may prove a rich source of this enzyme. So 
far as the authors are aware, C. utilis is not now used 
for the industrial production of invertase. Saccharo- 
myces cerevisiae is so used, but Table 5 shows it to be 
inferior to C. udilis under the conditions of this study. 

It appeared useful to study invertase production in a 
molasses medium and in the standard medium con- 
taining various sources of carbon that are present in 
sulfite waste liquor or fermentation residues. These 
industrial by-products serve as substrates for feed 
yeast. Hexoses and pentoses comprise the bulk of 
available carbohydrate in sufite liquors; the kinds of 
sugars depend upon the species of tree from which the 
liquor is prepared. Residual sugars and intermediary 
metabolites are found in stillage and other fermenta- 
tion residues. Yields of invertase with such substrates 
are generally high (Tables 3 and 4). A second experi- 
ment duplicated the results unusually well. 

Other yeasts suitable for food, feed, or fat production 
were surveyed for their yields of invertase (Table 2). 


TABLE 4. Extracellular invertase produced by Candida utilis 
strain NRRL Y-900 from various carbon sources 


in shaken cultures 


Extracellular 


Carbon source 
arbon source invertase 


Total invertase 


units* unils 
Sucrose 525.0 1,401.0 
Raffinose 253.5 845.0 
Maltose 406.5 1,333.0 
Mannose 316.8 1,097.0 
Xylose 353.7 1,373.0 
Mannitol, Ist expt 422.2 1,914.0 
Mannitol, 2nd expt 449.0 1,467.0 
Glycerol, Ist expt 570.0 2,205.0 
Glycerol, 2nd expt 670.0 2,282.0 
Ethyl alcohol, Ist expt 501.0 1,980.0 
Ethyl aleohol, 2nd expt 501.0 2,060.0 
Lactie. acid, Ist expt 797.0 1,650.0 
Lactie acid, 2nd expt 713.0 1,742.0 
Suceinie acid 63.4 105.6 
Citrie acid 110.8 198.0 


* Milligrams of invert sugar formed in 1 hr at 20 C and pH 
4.5/m! enzyme solution. 
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Lodder and Kreger-van Rij (1952) state that H. 


jadinii is a synonym of Hansenula subpelliculosa, an 


organism which can produce feed yeast from certain 
industrial wastes of high osmotic pressure. It may be 
noted in comparing invertase yields of the three species, 
presented in Tables 2, 3, and 4, that the yields of 
H. jadinii resemble those of C. utilis rather than those 
of H. subpelliculosa. H. jadinii does share the common 
ability of diploid species of Hansenula to synthesize 
large amounts of protein (unpublished data). As pre- 
viously stated, H. jadinii is taxonomically very close to 


C. utilis. 


TABLE 5. Extracellular and total invertase produced by 
industrially important strains of 
Saccharomyces 


Type Species pone 
Ale and S. cerevisiae Y -644 
porter | S. cerevisiae Y -647 
S. cerevisiae | Y-792 
S. cerevisiae Y -962 
Baker’s S. cerevisiae Y -2235 
| S. cerevisiae Y -2572 | 
S. cerevisiae Y-2573 | 
S. cerevisiae Y -2574 
S. cerevisiae | Y-2575 | 
Beer S. cerevisiae | Y-123 
S. cerevisiae Y-581 
S. cerevisiae | Y-585 
S. cerevisiae | Y-587 
S. cerevisiae Y -634 
S. cerevisiae Y -663 
S. carlsbergensis | Y -267 
S. carlsbergensis | Y-586 
S. carlsbergensis | Y -671 
S. carlsbergensis | Y -804 
Distiller’s | S. cerevisiae Y -234 
S. cerevisiae Y -567 
S. cerevisiae Y-635 
S. cerevisiae Y -898 
S. cerevisiae | Y-978 
S. carlsbergensis | Y-572 
S. carlsbergensis | Y -638 
| S. carlsbergensis | Y-1347 
Wine S. cerevisiae Y-137 
S. cerevisiae Y -266 
S. cerevisiae | Y-268 
S. cerevisiae | Y-583 
S. cerevisiae | Y-2034 
| S. steineri | Y-582 


Invertase production 


Shaken culture 


Extra- 
| cellu- 


| lar 
} - _ 

units 
13 

27 


19. 
3 


14 


45. 
30. 


24 


18. 
23.6 


44. 
54. 


25 


19. 
55. 


| 46 
| 208 


67. 
15. 
39 .§ 


23. 
13. 
16. 


| 21 
| 21 


* 


2 


0 


9 
6 
9 


8 
7 


9 
0 
5 
oa 
0 
3 


4 
8 
4 
5 
4 
0 
1 
5 
8 
0 
3 
:l 
7 


8| 
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Saccharomyces cerevisiae and the closely related 
species S. carlsbergensis are both used to a limited 
extent as feed yeasts. They varied greatly in the 
amounts of extracellular and total invertase which 
they produced (Table 5). The wine yeasts produced the 
least. The yields of invertase from two of the melibiose- 
fermenting strains, S. carlsbergensis Y-267 and Y-572, 
and from a top fermenting strain of S. cerevisiae, 
Y-663, approached the yields of C. utilis. 


DIscUSSION 

A survey of 68 species in 17 genera of yeasts re- 
vealed only 3 species that synthesized large amounts of 
extracellular invertase. Had more strains of each 
species been tested, it is possible that a larger number of 
species would have been found to give high yields. 
The highest yields were given by Hansenula jadinii 
NRRL Y-1542, Torulopsis colliculosa Y-172, and Sac- 
charomyces (Zygosaccharomyces) ashbyi Y-1598. 

Nonfermentative or weakly fermentative cultures 
occasionally produced more invertase in still than in 
shaken cultures. Such yields were unexpected, since 
these yeasts undoubtedly produce more growth in 
shaken cultures. Cryptococcus albidus Y-1400, Endo- 
mycopsis fibuliger Y-25, and Rhodotorula gracilis Y-1091 
are examples. 

Certain strains of C. utilis were outstanding for their 
abundant synthesis of invertase. Strains YB-3217 
and YB-3965 elaborated 3,400 units of total invertase 
per ml in shaken flasks. One of these strains was 
isolated from a feed yeast plant using sulfite liquor; 
the other was isolated by Lund (1954) from flowers 
of Taraxacum sp. Strain Y-900, employed most widely 
in this study, is used in yeast plants utilizing sulfite 
liquor. 

About one-fifth to one-third of the total invertase 
of C. utilis and other species was extracellular at the 
fifth day of incubation when analyses were made. This 
figure agrees with those from our earlier study (Dwor- 
schack and Wickerham, 1958) made with the yeast 
Saccharomyces warum NRRL Y-972. In that strain the 
ratio of extracellular invertase to total invertase is 
more than one and one-half times greater during the 
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first 55 hr than during the later stages of jormenta. 
tion. Perhaps a similar relationship exist- for § 
cerevisiae and C. utilis. 

Some industrial strains of S. cerevisiae and § 
carlsbergensis produced extracellular and total invertase 
yields approaching those of C. utilis. The ratio of 
extracellular invertase produced in shaken culture to 
that in still culture is markedly higher for utilis 
than for S. cerevisiae and S. carlsbergensis. Perhaps 


this is true because C. utilis is less strongly fermenty- 

tive than the two Saccharomyces species. 

There is a great difference in total invertase pro- 
duction between strains in both S. cerevisiae and (. 
utilis. The beer yeast Y-587 produced total invertase 
aerobically and anaerobically of 22.4 and 17.2 units 
per ml, respectively. C. utilis, on the other hand, is g 
slower fermenter than S. cerevisiae, yet 3,400 units of 
total invertase were produced by each of two strains, 
or approximately 150 times as much as produced by 
S. cerevisiae Y-587. One wonders, does invertase play 
some role in C. utilis other than hydrolysis of sucrose? 
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ABSTRACT 


Ras, H. (Univ. of Washington, Seattle), W. J. Wiese, 
wo J. Liston. Detection and enumeration of fecal 
indicator organisms in frozen sea foods. Appl. Microbiol. 
9:295-303. 1961. 
terococci as compared to the low numbers of coliforms 


Consistently high recoveries of en- 


obtained from the same samples of frozen sea foods are 
indirect evidence that enterococci are better indicators 
of contamination in such foods. 

The use of azide dextrose broth, modified by the in- 
corporation of bromthymol blue, and of ethyl violet 
aide broth as presumptive and confirmation tests, re- 
spectively, were found to be highly specific for the 
detection and enumeration of enterococci in these 
samples. Tetrazolium agar medium, when used as a 
third step after the confirmation test, provides a reliable 
differentiation of Streptococcus faecalis types from 
other group D_ streptococci. A simple procedure is 
described for further identification of S. faecalis varieties 
and other enterococcal species. 

Incidence of biotypes within certain species is noted 
and relationships of these subgroups to the organisms 
described by other workers is discussed. 

The striking resistance of all group D streptococci to 
dihydrostreptomycin and polymyxin B seems to offer 
promise for evolving a new selective medium for these 
organisms. 


rg 


There is an increasing body of evidence indicating 
that the standard methods of evaluating the sanitary 
quality of water and milk, which have been applied 
somewhat indiscriminately to other foodstuffs, are 
unsatisfactory particularly in relation to frozen foods. 
ln the first. paper of this series (Raj and Liston, 1961), 
the unreliability of the EC test for fecal Escherichia coli, 
when applied to frozen sea foods, has been demon- 
strated. 

The estimation of enterococci as an index of con- 
advocated in 


tamination of frozen foods has been 


‘This work was supported by National Institutes of Health 
grant no. RG-5932. 
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several recent publications (Larkin, Litsky, and Fuller, 
1955, 1956; Zaborowski, Huber, and Rayman, 1958; 
Kereluk and Gunderson, 1959a). The greater resistance 
shown by these organisms, as compared with F. coli 
and other coliforms, to heating and freezing processes 
and to frozen storage has been cited as strong evidence 
supporting their use for this purpose (Larkin et al., 
1955, 1956; Kereluk and Gunderson, 1959b). Moreover, 
some doubt has been cast recently on the value of 
E. coli as an index of fecal pollution by the observations 
of Buttiaux (1959) and Young et al. (1960) concerning 
the low recoveries of this organism from human feces. 
The enterococci appear to provide a good general index 
of fecal contamination and Streptococcus faecalis is be- 
lieved to be a specific index of human pollution (Cooper 
and Ramadan, 1955; Barnes, Ingram, and Ingram, 
1956), though findings quoted by Buttiaux (1958) cast 
some doubt on this conclusion. 

There has been much work reported in recent years 
on the development of media and techniques for the 
detection and enumeration of enterococci in foodstuffs. 
A method has been evolved in which a presumptive 
count is made in azide dextrose (AD) broth or entero- 
cocci presumptive (EP) broth and confirmed by the 
ethyl violet azide (EVA) broth medium of Litsky, 
Mallman, and Fifield (1953). This method has been 
shown to provide a rapid and reportedly specific pro- 
cedure for counting enterococci in foodstuffs (Zaborow- 
ski et al., 1958). For differentiation of S. faecalis types 
from other enterococci, Barnes (1956a) has proposed an 
agar medium containing 2,3 ,5-triphenyltetrazolium 
chloride. 

The studies reported in this paper were designed to 
test the applicability and specificity of the EVA pro- 
cedure when applied to frozen sea foods, to evaluate 
the usefulness of the tetrazolium agar (TZA)*? medium 
of Barnes (1956a) for identification of S. faecalis types, 
and to evolve methods for the rapid identification of 
other group D streptococci isolated from frozen sea 
foods. 


3 Barnes has abbreviated her tetrazolium glucose agar 
medium as TG agar. Since we use the same abbreviation for 
tellurite glycine agar, we prefer to call tetrazolium glucose 
agar TZA. 





MATERIALS AND METHODS 


The procedure for the preparation of samples of 
frozen fish sticks (both in uncooked and precooked 
state) obtained from a local frozen sea food processing 
plant was the same as described in the first paper 
(Raj and Liston, 1961) of this series. In the preliminary 
experiments, three different media, AD broth,’ SF 
medium,® and EP broth,> were inoculated with ap- 
propriate decimal dilutions of fish sample and incubated 
for 48 hr at 37 C, 37 C, and 45 C, respectively. Subse- 
quently, AD broth modified slightly by the addition of 
0.003 °° bromthymol blue was tested together with the 
original AD broth and EP broth. In AD broth growth 
turbidity is the sole criterion of positive reaction and 
thus sometimes it is hard to tell a positive AD tube 
from a negative one. In AD modified (AD(M)) broth, 
there is a sharp color change from greenish blue to 
bright vellow when enterococci are present, whereas a 
slight color change to pale green constitutes a negative 
reaction. In further experiments, the efficiency of AD 
broth and AD(M) broth when incubated at 37 C and 
45 C was tested. Positive cultures in presumptive media 
were then transferred into EVA broth‘ and incubated 
for 48 hr at 37 C. EVA broth cultures showing turbidity 
and or a purple button (occasionally purplish-white 
deposit) constituted the confirmation test, and most 
probable number (MPN) counts were recorded ac- 
cordingly. 

For further identification, 210 positive EVA cultures, 
derived by the above confirmation test from frozen sea 
food samples, and 5 ATCC enterococci cultures (S. 
faecalis (7080), S. faecalis var. liquefaciens (13398), S. 
faecalis var. zymogenes (6055), Streptococcus bovis (9809), 
and Streptococcus durans (6056)) were streaked on TZA 
medium which was prepared as per the specifications 
of Barnes (1956a) except for the following slight modi- 
fication: in place of peptone (Evans) and Lab-lemco, 
Bacto-peptone® and Bacto-beef extract® were used, 
respectively. In addition, prior to sterilization glucose 
was added to the medium and pH adjusted to 6.0. The 
streaked plates were incubated at 37 C for 48 hr instead 
of 24 hr as suggested by Barnes. Colony characteristics 
as defined by the same author for enterococci were 
followed. Well isolated colonies were transferred into 
brain heart infusion broth® and incubated at 37 C for 
20 to 24 hr. One hundred thirty-one EVA positive cul- 
tures and 5 type cultures were subjected to all the 
following physiological and biochemical tests at the 
same time (the remaining 84 isolates were tested for 
biochemical reactions only). 

Morphology. Each culture was Gram stained and 
examined microscopically. 

Group precipitin test. The method used for preparing 
the extracts of group antigen was that of Rantz and 


* Baltimore Biological Laboratory, Inc., Baltimore, Md. 
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Randall (1955). The precipitin reaction w:s then 
carried out by the capillary tube method usin» Bacto. 
streptococcal antiserum’ and the results read :. inter. 
vals up to 30 min. 

Hemolysis. Fifteen per cent human blood i:: blood 
agar base® was used for detection of hemolysis «t 37 ¢ 
up to 96 hr. 

Potassium tellurite tolerance. Blood agar (as aboye) 
containing sterile potassium tellurite in a concentration 
of 1:2,500 was used as described by Ferraro and \pple- 
man (1957) and results read up to 96 hr at 37 C. 

Growth at pH 9.6. The medium suggested by Shattock 
and Hirsch (1947) was used. The pH of each tube was 
adjusted aseptically to 9.6 just before inoculation, 
Growth observed after 24 and 48 hr at 37 C. 

Growth in presence of 6.5% sodium chloride. The 
medium suggested by Abd-El-Malek and Gibson (1948) 
was modified slightly. Instead of sterilizing each of the 
ingredients separately, all of them were dissolved to- 
gether in distilled water and tubed in 10-ml aliquots. 
The tubes were then steamed for 30 min. 

Starch hydrolysis. Each culture was streaked on an 
agar medium containing 0.2% soluble starch, 1% 
peptone, 0.5% yeast extract, and 0.5% sodium chloride. 
The plates were incubated at 37 C for 5 days when 
hydrolysis of starch was tested by flooding with an 
iodine solution. 

Antibiotic sensitivity test. High concentration 
Unidisks® for the antibiotics chlortetracycline (30 ug), 
penicillin (10 units), chloramphenicol (30 wg), polymyxin 
B (300 units), oxytetracycline (30 yg), erythromycin 
(15 yg), tetracycline (30 ug), and dihydrostreptomycin 


TABLE.1. Comparison of enterococci and coliform most 
probable number (MPN) counts in frozen precooked 
fish sticks 

Coliforms 


Sample no Enterococci 


MPN count/100 ¢ MPN count/100 


1 86,000 6 
2 18,600 19 
3 86,000 0 
1 46,000 300 
5 48 ,000 150 
6 46,000 28 
7 46,000 150 
8 18,600 7 
9 8,600 0 

10 4,600 186 

11 4,600 186 

12 48,000 1,280 

13 8,600 46 

14 4,600 480 

15 18,000 240 

16 10,750 1,075 

17 10,750 17,000 

18 60,000 23 , 250 

19 10,750 2,275 


Avg 32,339 2,457 
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(10 wg) were used on heart infusion agar® plates and with a 1% carbohydrate concentration. Acidity was 
zones of inhibition read after 24 hr at 37 C. Sensitivity recorded every 24 hr up to 5 days. 
(S) was indicated by the presence of a distinct zone of 


; i RESULTS 
inhibition (at least 2 mm radius beyond the edge of 


each disc) and resistance (R.) was shown by the absence Coliform counts were highly variable and often ex- 
of such a zone. To compare the activity of any one anti- tremely low. Some of the typical coliform results to- 
biotie to the others, the term “very sensitive (VS)” gether with the corresponding enterococcus counts are 
) 5, Vy sens 


shown in Table 1. It will be noted that the enterococcus 
count in these heat-treated and refrozen samples was 
generally greater than 10* organism/100 g and usually 
10* organism/100 g. 

Preliminary experiments using three different media 
in the presumptive test for enterococci showed that SF 
broth did not give as sharp a color change as EP broth. 
Although AD broth in almost all cases gave greater 
confirmed MPN counts than those given by the EP- 
VA procedure (Table 2), the number of false positives 


was used whenever the zone of inhibition was greater 
than 20 mm in diameter. 

Methods used for tests, such as gelatin liquefaction, 
litmus milk reduction, growth in 0.1% methylene blue 
milk, and survival at 60 C for 30 min, were the same 
as those used by Cooper and Ramadan (1955). Also 
the heated cultures were streaked on potassium tellurite 
blood agar plates for combined heat and tellurite re- 
sistance as suggested by these authors. 


Fermentation reactions in sucrose, glycerol, mannitol, was greater from AD broth. Modified AD broth con- 
sorbitol, raffinose, inulin, melibiose, melezitose, and taining bromthymol blue was found to maintain as 
arabinose were determined using purple broth base® high a percentage of true positives as normal AD broth 


TABLE 2, Comparison of enterococci most probable number (MPN) counts obtained by three different procedures 


I II Ill 
AD - EVA AD(M) - EVA EP -EVA 
(37 C) 37 C (37 C) (37 C) (45C) (37C) 
Sea food examined = 


Positive 


pte | ative, | mpwvioog | ADGH) | heitive | pwtooe | brative | Pasitive| px 100g 
Breaded oysters 6 4 5,250 6 5 23 , 250 4 2 1,825 
Breaded oysters 5 } 115,000 4 4 115,000 3 3 30,000 
Breaded oysters 6 5 23 , 250 6 6 60,000 3 3 5,750 
Breaded oysters 5 3 60,000 5 4 115,000 6 5 23 , 250 
Breaded oysters 6 6 375,000 6 6 375,000 4 4 107 ,500 
Precooked cod sticks 6 0 <600 3 2 2,275 0 0 <600 
Raw cod sticks 6 3 37,500 4 2 18,750 3 3 30,000 
Raw cod sticks 6 6 275 ,000+ 5 5 275,000 3 3 5,750 
Raw oysters 5 3 5,750 4 3 5,750 3 3 3,750 
Breaded oysters 6 4 9,750 5 5 23 , 250 1 1 900 
Raw halibut bars | 4 11,500 5 5 275,000 1 1 900 
Breaded cod sticks 6 5 275,000 5 5 275,000 4 4 10,750 
Precooked cod sticks 6 3 60,000 6 6 60,000 6 6 60,000 
Precooked smelt 6 4 10,750 4 2 1 5825 3 3 5,750 
Raw cod sticks 6 4 115,000 5 5 275,000 3 3 5,750 
Raw cod blocks 6 6 275 ,000+ 6 6 275 ,000+ 4 4 23 , 250 
Raw cod sticks 6 6 275 ,000+ 6 6 275,000+ 3 3 5,750 
Battered cod sticks 6 6 275 ,000+ 6 6 275 ,000+ 4 3 9,750: 
Breaded cod sticks 6 6 275 ,000+ 6 6 =|  275,000+ 3 3 5,750 
Breaded cod sticks 6 6 275 ,000+ 6 6 275 ,000+ 3 3 5,750 
Breaded salmon bars 6 6 60,000 4 4 | 115,000 5 3 18,750 
Breaded cod sticks 6 5 72,500 4 4 115,000 6 6 60,000 
Breaded halibut bars 6 6 275 ,000+ 6 6 |  275,000+ 4 4 10,750 
Precooked cod sticks 6 5 2,350 4 4 10,750 2 0 <600 
Precooked cod sticks j 4 115,000 4 4 | 115,000 5 5 23 , 250 
Breaded cod sticks 6 5 275,000 4 | 115,000 5 | 5 23 ,250 
Precooked cod sticks 4 1 10,750 5 e | 10,750 | 3 0 <600 
153 120 134 125 | 94 83 
Percentage of false posi- 
tives 21.6% | 6.7% | 11.7% 


AD = azide dextrose; AD(M) = AD modified; EVA = ethyl violet azide; EP = enterococci presumptive. 
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while reducing the number of false positives from Microscopic examination of all cultures deri: od from 
22 to 7°. This compares well with the false positive positive EVA tubes revealed typical enterococc..| forms 
rate of 12 in the case of EP. Both AD and AD(M) No false positive EVA tubes were encounter except 
broths were found to give higher counts at 37 C than at in the case of two tubes containing a Bacillus - which 
45 C (Table 3). passed through the test schedule. In this case t!e tubes 
showed a slight turbidity and a flaky, purplish --diment 
TABLE 3. Comparison of enterococci MPN counts obtained which, however, could be distinguished clearly from 
a at two different temperatures the typical purple button produced by enterococci. 
I 7 Negative tubes always showed a clear supernat:int and 
Sea food occasionally a slight deposit. 
examinec > 
AD-EVA | AD-EVA_ |AD (M) - EVAIAD (M) - EVA eee rn if GUESS HERR Jeet TA snark 
ats wilt uel are ieee ae All positive EVA tubes were streaked on TZA medium 
and colony characteristics noted. Colonies showing an 
MPN count/100 g sample MPN count/100 g sample : - R 
ie intensely deep red center and a white periphery (oc- 
Precooked <600 < 600 2,275 <600 . : : ; 
it eahaties casionally some colonies had only a small pink center 
Te 275 ,000+ 3.750 275.000 5.750 with white peripheral zone) were classified here ss type 
sticks I, and white or a very pale pink colony with no periph- 
Breaded 9,750 750 23 , 250 5,750 eral differentiation as type II. The Bacillus sp. noted 
ayeyees P vy above when subcultured on TZA produced deep red 
Raw halibut 11,500 900 275,000 <600 : : > : 
aici convex colonies without any peripheral zone, which 
Beeadad cod 275.000 115.000 275.000 60.000 seemed similar to those described by Barnes for group 
sticks N streptococci. 
Raw cod 115,000 23,250 | 275,000 10,750 The physiological and biochemical reactions of the 
sticks 210 EVA positive cultures and the 5 ATCC enterococei 
Aa) =. eaide dextrose: ADGA) « AD modifed: EVA = cultures tested according to the procedure described 
ethyl violet azide; EP = enterococci presumptive. in Materials and Methods are shown in Tables 4 and 5, 
TABLE 4. Physiological and biochemical characters of enterococci 
Streptococcus faecalis 
Streptococcus | Streptococcus Streptococcus Unclassified 
as DOvIS Jaecium durans type 
Typical var. liquefaciens | _ siiasiipi 
126 EVA isolates 9 70 0 10 3 22 12 
5 ATCC cultures* 1 1 1 1 
Lancefield group D D D D D D D 
Hemolysis - —,ai7* B —* ad —,al —,aiZl,B 1* a, -5 
Tetrazolium reduction a = ~ _ _ _ 
0.04°; Potassium tellurite tolerance + 4. - == = fa = 
Growth in pH 9.6 broth +. J. oe ou cE ne 4 
Growth in 6.5% NaCl broth ~ +*, —3 + —* +413 +- + 4 
Growth in 0.1% methylene blue milk + + +* —] —, +1 —, +8* 4. =3 
Strong litmus milk reduction a +*, -3 + +* —1 +,-1 —, +6* +, -5 
Survival at 60 C for 30 min - + + 4j- —g* + + 1 
Survival at 60 C for 30 min plus 0.04%, —* +2 +* —9 4. —* a Aa es 
potassium tellurite tolerance 
Starch hydrolysis —* +1 ~ - 
Gelatin liquefaction _ + = iat a ‘i 
Fermentation of: 
Sucrose A*, -—1 —* A 25 \ A A —* Al \ 
Glycerol A*, —5 A A _ ~ - — 
Mannitol A A A A*, -1 A _ A 
Sorbitol A A A A*, —1 _ — A 
Raffinose — — a A = — 
Inulin ~ _ _ A* —6 _ = 
Melibiose _ ~_ a A A —, A ii* A 
Melezitose A*, —1 —*, A 23 A _ _ _ 
Arabinose A A = A 


Numbers with certain reactions indicate the number of strains showing variation from the reaction given by the majority. A 


is for acid only in fermentation reactions at 37 C up to 5 days. *Sign over certain reactions indicates the particular reactions give) 
by the ATCC cultures. EVA = ethyl violet azide. 
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The three type cultures of S. faecalis and its varieties 
liquefacvens and zymogenes gave type I colonies on TZA 
and the type cultures of S. durans and S. bovis gave type 
II colonies. All positive EVA cultures from sea foods 
which gave type I colonies on TZA were found to be 
typical S. faecalis or one of its two-varieties. None of 
the cultures giving rise to type II colonies was found 
on examination to belong to the S. faecalis group. 
Notably, cultures of S. bovis and S. durans types always 
save white colonies on TZA, which is in agreement with 
the low percentages of reduction of tetrazolium to 
insoluble red formazan worked out by Barnes (19560). 
It may be noted from Tables 4 and 5 that all the 215 


TABLE 5. Biochemical reactions of enterococci 


Streptococcus 


faecalis Strepto-| Strepto-| Strepto- | Unclas- 
coccus | coccus | coccus | sified 
at bovis | faecium| durans type 
Typical |¥! lique 
‘aciens 
84 EVA isolates 10 30 10 1 27 6 
1. Lancefield D D D D D D 
group 
2. Tetrazolium + + ~ - - - 
reduction 
3. Gelatin lique- ~ + = ~ ~ _ 
faction 
!, Sucrose A,-l|-, All; A A —-,Alj A 
5. Glycerol A A — ~ - — 
6. Mannitol A A A A _ A 
7. Sorbitol A A A,-3) —- - A 
8. Raffinose ~ - A - - = 
9. Inulin — - A,-2) —- _ _ 
10. Melibiose - - A A j|A, -—3 A 
ll. Melezitose A, -l\-, A5 = = -- _ 
12. Arabinose ee vee A A - A 


Numbers with certain reactions indicate the number of 
strains showing variation from the reaction given by the ma 
jority. A is for acid only in fermentation reactions at 37 C up 
to 5 days. EVA = ethyl violet azide. 
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cultures gave a positive group D precipitin test, grew 
at pH 9.6, and survived (except for 3 strains of S. bovis) 
60 C for 30 min. The only test, other than colony ap- 
pearance on TZA, which differentiated S. faecalis types 
from other enterococci appeared to be potassium 
tellurite tolerance. Some of the tests, such as growth in 
0.1% methylene blue milk, litmus milk reduction, 
hemolysis, growth in the presence of 6.5% sodium 
chloride, and resistance to potassium tellurite (0.04%) 
after heating the cultures at 60 C for 30 min, gave 
variable results. Antibiotic sensitivity tests showed that 
all the enterococci cultures examined here were quite 
sensitive to chlortetracycline, penicillin, chlorampheni- 
col, oxytetracyline, erythromycin, and tetracycline, 
whereas with few exceptions they were highly resistant 
to polymyxin B and dihydrostreptomycin (Table 6). 
An analysis of the results of all the tests shown in Tables 
4 and 5 revealed that a limited number of the tests 
could be used to provide a rapid and satisfactory 
differentiation of the various enterococcal species. 
A comprehensive scheme of identification based on 
such tests is outlined in Table 7. Initially, the or- 
ganisms are identified on the basis of growth at 37 C 
in AD(M) broth followed by confirmation in EVA 
broth. Then using the TZA medium, the enterococci 
are classified into type I corresponding to S. faecalis 
including its varieties and type II including all other 
group D streptococci. Subdivision of type I enterococci 
is effected by four simple tests: gelatin liquefaction, 
hemolysis, and fermentation of melibiose and sorbitol. 
The breakdown of type II organisms is made by the 
fermentation reactions in arabinose, glycerol, melezi- 
tose, raffinose, and sorbitol. 


DISCUSSION 


The consistently high recoveries of enterococci from 
frozen sea foods and the low and erratic recoveries of 
coliforms from the same samples are indirect evidence 


TABLE 6. Antibiotic sensitivities of enterococct 


Streptococcus faecalis 


Typical var. lique/aciens 
210 EVA isolates 19 100 
5 ATCC cultures 1 1 
Chlortetraeyeline (30 ug) VS, S 7* VS*, S 43 
Chloramphenicol (30 ug) VS*,S1 VS*, S 44, R 1 
Dihydrostreptomyein (104g) | R R*, 52 
Erythromyein (15 ug) VS*, S6 VS*, S 27 
Penicillin (10 units) S S*,R3 
Polymyxin B (300 units) R R*, 83 
Oxytetracyeline (30 ug) VS, S 2* VS*, S 34 


Tetracyeline (30 ug) 


VS = very sensitive; S = 


violet azide. 


Streplococcus | Streptococcus 


cae Streptococcus bovis Vaan ferek Unclassified type 
mogenes 
0 20 4 49 18 
1 1 0 1 0 
Vs VS*, 8:2 VS,S2 | VS*,S3 VS, S 2 
VS Vs? $2 VS,S2 | VS*,S4 VS 
R Re, 8:2 R Re S2 R 
VS VS*,S5 Vs, S1 Vs? 82 VS, S 4 
Ss Vor, oir, te Ss S, VS 11* Vs, S5,R1 
R R*. 8:2 R R*,S 4 R 
Vs Vie®, Sol. Hel VS VS*, S6 VS, S 2 
Vs Vs*, R1 Vs,S1 | VS*,S3 VS, R1 





sensitive; R = resistant. Numbers with certain reactions indicate the number of strains showing vari- 
ation from the reaction given by the majority. * Sign over certain reactions shows the reactions given by the type cultures. EVA = 
ethv! 
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of the value of enterococci as better indicators of con- 
tamination in sea foods. These findings are in good 
agreement with those reported by other workers (Larkin 
et al., 1955, 1956; Zaborowski et al., 1958; Kereluk 
and Gunderson, 1959a). 

The procedure, presumptive test in AD(M) broth, 
confirmation in EVA broth and completed test on TZA 
medium, seems to provide a satisfactory and sufficiently 
rapid method for enumerating and grouping enterococci 
from sea foods and possibly other foods in terms of their 
presumed human or animal origin. Where this appears 
desirable, a further classification of enterococci may be 
made easily by following the abbreviated scheme out- 
lined in Table 7. 

For the presumptive test, modified AD broth at 37 C 
was found to be more satisfactory than the original AD 
medium at 37 C, because it eliminated most of the large 
number of false positives given by the latter as shown 
in Table 2. The low MPN counts obtained by the 
EP-EVA procedure might be attributed to the high 
(0.04%) sodium azide content, high pH (8.4) of EP 
broth, and its incubation temperature (45 C). The AD 
broth contains only 0.02% sodium azide, has pH 7.2, 
and is incubated at 37 C. The superiority of AD broth 
over EP and SF broths for presumptive testing has 
also been shown by Zaborowski et al. (1958). In agree- 
ment with those authors, we have found EVA medium 
to be highly specific for enterococci. The reliability of 
this method is in marked contrast to the variability of 
results obtained with the EC test for fecal EF. coli 
reported elsewhere (Raj and Liston, 1961). 

When the TZA medium of Barnes (1956a) is added 
as a third step after the EVA procedure, a method is 
obtained for S. faecalis (and its varieties) which is 


\VOL, 9 


analogous to the EMB step in the complete 
FE. coli. A rapid and accurate estimation of hu 
contamination may thus be obtained. Howevc:_ it may 
be noted that TZA medium by itself is not sel. tive a 
enterococci and, in the absence of the pre~ imptive 
(e.g., AD broth) and confirmatory (EVA brot | steps, 
organisms other than enterococci can grow and jroduce 


test for 
in feea] 


colonies. It is well known that many gram-iegatiye 
bacteria will grow in the presence of concentrations of 
tetrazolium even greater than 0.1% (Weinburg, 1953). 
Gyllenberg, Niemala, and Sormunen (1960) have grown 
Lactobacillus bifidus in the presence of 0.01‘. tetra- 
zolium, and the growth of a Bacillus sp. on ZA has 
already been noted above. Thus the use of TZA medium 
for direct counting of enterococci in a sample would be 
unsatisfactory and erratic, unless it is made selective by 
adding some inhibitory agent such as thallous acetate 
(Barnes, 1956a). Hartman (1960) appears to have 
used Barnes’ medium without thallous acetate fo 
direct plate counting and recorded only red colonies 
as enterococci. It is possible that these counts included 
red colonies produced by organisms other than entero- 
cocci, and that white or pale pink colonies of S. durans, 
S. bovis, and others were thus excluded. 

Practically all of the physiological and biochemical 
tests shown in Tables 4 and 5, except for the potassium 
tellurite. tolerance test before and after heating the 
culture at 60 C for 30 min and fermentation reactions in 
melibiose and melezitose, were first specified by 
Sherman (1937) for isolation and differentiation of 
enterococci. Chesbro and Evans (1959) have suggested 
that some inhibition may occur in the high pH (9.6) 
medium of Shattock and Hirsch (1947) because of the 
small amount of glycine (0.006 mM) present as buffer. 


TABLE 7. Schematic diagram for rapid identification of enterococci 


AD(M) broth* 


EVA brotht 


TYPE I COLONY 


(Intensely deep red colony with white periphery) 


1. Gelatin — + - 1 
2. Hemolysis —,@ —,a B 2 
3. Melibiose - - — 3 
4. Sorbitol A A A 4 
5 
Strepto- S. faecalis S. faecalis 
coccus var. lique- var. zymo- 


faecalis faciens genes 


* Azide dextrose broth (Difco) modified by adding 0.003% b 


+ Ethyl violet azide broth (BBL) at 37 C for 48 hr. 


t Tetrazolium glucose agar medium (Barnes, 1956a) at 37 C 
Fermentation reactions at 37 C for 72 hr; A for acid only, V for variable, and — for no reaction. 


TZA platet 


romthymol blue; incubated at 37 C for 48 hr. 


TYPE II COLONY 


(White or pale pink colony without any periphery) 


. Arabinose - A V | A 
. Glycerol - = _ 
. Melezitose ~ _ a = 
. Raffinose = — A ee 
. Sorbitol _ — V A 
Strepto- Strepto- Strepto- Unelassi 
coccus cocceus coccus fied type 
durans faecium bovis 


for 48 hr. 
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Very good growth was observed in this medium within 
48 hr at 37 C in the case of all the culture examined 
during this study. It seems, therefore, that any inhibi- 
tion due to such low concentrations of glycine is 
negligible and does not interfere with the test. The 
usefulness of some of the tests for differentiation of 
enterococci seems doubtful due to the variable response 
to them by organisms of the same species. These tests 
include: growth in 0.1% methylene blue milk, litmus 
milk reduction, hemolysis, and resistance to potassium 
tellurite (0.04%) after heating the culture at 60 C for 
30 min. Shattock and Mattick (1943) had also observed 
that some of these tests vary in their reliability. It may 
be noted here that Barnes et al. (1956) omitted the 
methylene blue reduction test in their identification of 
enterococci. Cooper and Ramadan (1955) found Janus 
green a better indicator than litmus which they found 
to change in color readily with pH changes of the milk 
Shattock (1955) reported that 
should not be relied upon for identification of entero- 


cultures. hemolysis 
cocci. However, only S. faecalis var. zymogenes has been 
shown to give a consistent 8-type hemolysis which 
differentiates this variety from the typical S. faecalis 
types. Lake, Diebel, and Niven (1957) reported that a 
8-hemolytic culture of S. durans may easily lose this 
property. The variability in the resistance to potassium 
tellurite (0.04) by the heat-treated cultures, as noted 
here, is in contrast to the findings of Cooper and 
Ramadan (1955), who utilized this characteristic as a 
means of classifying enterococci into six habitat groups. 
It isevident from the results (Table 4) that some strains 
of typical S. faecalis and its varieties, which, prior to 
to 0.04% 
tellurite, lost this property of resistance as a 


heat treatment, were resistant potassium 
conse- 
quence of heat treatment. However, there was a direct 
correlation between the resistance of unheated cultures 
to 0.04% potassium tellurite and tetrazolium reduction 


on TZA medium. All type I colonies were resistant, 
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whereas type II colonies were sensitive to potassium 
tellurite. 

A careful analysis of the biochemical reactions of all 
the isolates tested here indicated the existence of at 
least three biotypes under each of the following species: 
S. faecalis (typical), S. faecalis var. liquefaciens, S. 
bovis, and S. durans, as shown in Table 8. These bio- 
types differ from one another within the species in 
only one or two properties. Each of the reactions dis- 
tinguishing the biotypes was tested at least three times 
under identical conditions with each organism involved, 
and found to be a stable characteristic. Certain strains 
of S. faecalis (typical) designated here as biotype 6, 
did not utilize glycerol and these have already been 
reported by Frost and Engelbrecht (1940). Strains 
shown under biotype c failed to ferment sucrose which 
has been reported to be a variable reaction for S. 


faecalis in Bergey’s Manual of Determinative Bacteriology 


(Breed, Murray, and Smith, 1957). Most. of the strains 
of S. faecalis var. liquefaciens, including the ATCC cul- 
ture, fell into biotype d and did not ferment sucrose 
although most published descriptions of this variety 
report for except again 
Bergey’s Manual where the reaction is listed as variable. 
The sucrose fermenting types have been subdivided 
into biotypes e and f according to their ability to utilize 
melezitose. Since melezitose is a trisaccharide with a 
sucrose moiety, strains breaking down this trisaccharide 
can also utilize sucrose, but those able to ferment. su- 
crose may not necessarily utilize melezitose. Most of 
the S. bovis strains including the ATCC culture fer- 
mented mannitol and sorbitol, as shown under biotype 
u. Many reports in the literature show negative reac- 
tions for mannitol and sorbitol for S. bovis but Bergey’s 
Manual and Sherman (1937) report variable reactions 
for these carbohydrates, whereas Frost and Engelbrecht 
(1940) observed positive reaction for mannitol. The 
biotypes v and w in this group have thus been separated 


positive reaction sucrose 


TABLE 8. Biotypes of some species of enterococci 


Streptococcus faecalis 


Typical 

Biotype 1 b c d 

No. of isolates 13* 5 2 65* 
Gelatin liquefaction = = = + 
Sucrose \ A _ = 
Glycerol A ~ A A 
Mannitol A A A A 
Sorbitol A A A \ 


taffinose - — = = 
Melibiose — = — = 
Melezitose \ A — = 
Arabinose 


* Number includes ATCC culture. 





> PP P+ 


Streptococcus bovis Streptococcus durans 


var. liquefaciens 


28 17” 3 1 35* 13 2 
oo — —_— _ _ _— 
A A A A — — A 
A = - “ oe a 
A A A _ ~ — 
A A > = ih ~ fe 
- N A A “ os “2 
— A A A A —~ - 
A = = “ ni = = 

A A A _ — 
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on the basis of their reactions in mannitol and sorbitol. 
The carbohydrate reactions for S. durans are, in general, 
in agreement with the published descriptions of this 
species. Most strains including the type culture fer- 
mented only melibiose as shown under biotype x. The 
other strains which did not utilize melibiose have been 
separated into biotypes y and z on the basis of sucrose 
fermentation which has been reported to be a variable 
characteristic for S. durans by Breed et al. (1957), 
Wilson and Miles (1955), and Cooper and Ramadan 
(1955). The incidence of biotypes as distinct subgroups 
within a species thus explains some of the variable 
reactions reported in the literature for certain species of 
enterococci. It would be interesting to determine 
whether these biotypes could be established as sero- 
types too. 

Considering only those physiological and biochemical 
reactions which were consistently specific for the dif- 
ferentiation of enterococci, a comprehensive scheme 
(Table 7) has been evolved for their rapid identification 
as already described under Results. The classification of 
Kereluk (1959) for identification of enterococcal species 
seems to be incomplete as it excludes S. bovis species and 
unclassifiable types. For example, 54 isolates classified 
by Kereluk as S. faecium because of fermenting arabi- 
nose and melibose only could have been S. bovis or un- 
classifiable types. Cooper and Ramadan (1955) have re- 
ported five so-called atypical faecalis types which they 
have differentiated from the typical types. The atypical 
type I reported by these authors was not encountered 
in our study, however, their atypical type II strains 
seem to be identical with those reported by us as un- 
classified type (Tables 4 and 5). Incidence of such 
strains as a separate entity is therefore confirmed. The 
atypical types III and IV reported by the above authors 
seem to belong to the S. bovis group since all utilize raf- 
finose. Cooper and Ramadan distinguish atypical types 
III, IV, and S. bovis by differences in growth at pH 9.6 
and in the presence of 6.5% sodium chloride. In our 
studies, we found that three S. bovis-like strains were 
able to grow in the presence of 6.5% sodium chloride, 
and thus resembled Cooper and Ramadan’s atypical 
type III or IV. However, this test has been found by us 
to give variable results even with some strains of S. 
faecalis var. liquefaciens (Table 4). Shattock and 
Mattick (1943) also noted that, though all strains of S. 
faecalis and other group D streptococci grew in 6.5% 
sodium chloride broth, in some cases growth was very 
poor. These authors have also commented on the unre- 
liability of the pH 9.6 test as a differential criterion. We 
are, therefore, inclined to put all those strains similar to 
atypical types III and IV of Cooper and Ramadan into 
the S. bovis group. Also the atypical type V reported by 
these workers seems to be identical with the biotype z 
of S. durans (Tables 4 and 8), since the type culture of 
S. durans and 22 isolates in this group grew in pH 9.6 


[Von 9 

broth under our conditions. By the same | ken, 45 

strains reported as unclassified type I by Barnx - | 1956a) 
could also belong to the S. durans group. 

The striking resistance of all enterococci to Jihydyo. 


streptomycin and polymyxin B is quite in‘ resting, 

This property may possibly be explored furiher fo; 

making a new selective broth or agar medium /or these 

group D organisms in the same way as bacit):icin has 

been used for group A streptococci (Maxte i, 1953: 

Levinson and Frank, 1955). 
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ABSTRACT 

SpLirrsToxrssER, D. I’. (Cornell University, Geneva, 
NX. Y.), R. Wrigut, anp G. J. Hucker. Studies on 
media for enumerating enterococci in frozen vegetables. 
Appl. Microbiol. 9:303-308. 1961.—A study was made 
of the relative sensitivity and specificity of presumptive 
and confirmatory media for the most probable number 
enumeration of enterococci in frozen vegetables. Azide 
dextrose broth yielded the highest numbers of con- 
firmable enterococci and its sensitivity was shown to 
be comparable to nonselective media. The use of ethyl] 
violet azide broth as a confirmatory medium resulted in 
a significant number of false positive tests. Growth in 
broth containing 6.5% sodium chloride incubated at 
45 C for 2 days was found to be a more specific con- 
firmatory test for enterococci. 





There is a divergence of opinion with regard to the 
significance of the presence of enterococci in frozen 


\pproved by the Director of the New York State Agricul- 
tural Experiment Station for publication as Journal paper 
no 1237, October 4, 1960. 


foods. To clarify the question of their sanitary implica- 
tions there is need for further information on the ac- 
curacy of the various methods used for their 
enumeration. 

A number of procedures have been used for deter- 
mining the most probable number (MPN) of enterococci 
in frozen foods. In general, the methods are based on 
the same principle as those used to demonstrate the 
presence of the coliform types, i.e., growth in a pre- 
sumptive medium followed by confirmatory tests. For 
the presumptive tests most workers have used a medium 
containing sodium azide as the selective agent. Con- 
firmation procedures have been based either on the 
so-called ‘Sherman tests” (Sherman, 1937) or growth 
in ethyl violet azide (EVA) broth (Litsky, Mallmann, 
and Fifield, 1955). 

The suitability of the various media for determining 
the MPN of enterococci in precooked frozen foods has 
been evaluated by Zaborowski, Huber, and Rayman 
(1958), and Fanelli and Ayres (1959). Zaborowski et al. 
(1958) found that azide dextrose (AD) broth as a pre- 
sumptive medium yielded the highest most probable 
number of counts. Also they reported 100% confirma- 
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tion using EVA when one-tenth dilutions of the original 
samples were inoculated into this medium. The use of 
these two media for presumptive and confirmatory tests 
has been recommended by the Subcommittee on 
Methods for the 
Foods (1958). 

Extensive studies on media for the enumeration of 
enterococci in fresh frozen vegetables have not been 
made. Inasmuch as the microflora of precooked prepara- 
tions may differ significantly from that of frozen vege- 
tables this investigation was initiated to determine the 
most satisfactory presumptive 
method for enumerating 
vegetables. 


Microbiological Examination of 


and confirmatory 


enterococci in frozen 


MATERIALS AND MeEtruHops 


The most effective probable number method for 
enumerating enterococci must be both sensitive and 
specific. Thus the medium should select for enterococci 
or permit their differentiation from other types, and at 
the same time, should be sufficiently sensitive that the 
introduction of only one cell would result in a_posi- 
tive test. 

Comparative sensitivity of presumptive media was 
determined by inoculating a series of tubes of each 
medium with a decreasing inoculum of pure strains of 
Streptococcus faecalis. The medium producing growth 
from the smallest inoculum was considered the most 
sensitive. 

Media and general procedure. The following presump- 
tive media were investigated: S. faecalis (SF) medium 
(Hajna and Perry, 1943), buffered azide glucose glycerol 
(BAGG) broth (Hajna, 1951), enterococcus presumptive 
(EP) broth (Winter and Sandholzer, 1946), AD broth 
(Rothe, 1948), and thallous acetate (TL) broth (Barnes, 
1956). Confirmatory media included EVA broth? and 
Tryptone glucose yeast extract (TYGE)* broth con- 
taining 5.4% sodium chloride. 

In addition to the above confirmatory tests the cul- 
tures isolated in many instances were subjected to 
additional tests based on the criteria of Sherman 
(1937), i.e., growth at 10 and 45 C, production of 
ammonia from arginine (Niven, Smiley, and Sherman, 
1942), and growth in pH 9.6 (Chesbro and Evans, 1959). 

The organisms that failed to confirm as enterococci 
were examined for gas and dextran production and for 
the ability to hydrolyze starch. Gas production was 
determined in tomato dextrose (TD) broth (Pederson 
and Albury, 1955) containing 0.1% Tween 80! and 
1.5% glucose, a vaspar seal being used to trap the gas. 
Synthesis of dextran was detected by growing the iso- 
lates in sucrose gelatin stabs incubated at 21 C. Starch 

2 Baltimore Biological Laboratory, Inc., Baltimore, Md. 


3 Difco Laboratories, Inc., Detroit, Mich. 
4 Atlas Powder Company, Wilmington, Del. 
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hydrolysis was determined by flooding starch s.r Plate 
cultures with Lugol’s iodine. 

Enumeration (selectivity) procedures. Froz vege. 


tables, stored 6 months or longer, were obtaiid from 
commercial sources. Eleven-gram samples were \eighed 
into sterile blender jars containing 99 ml ot water and 
blended | min. One-milliliter amounts from appropriate 
dilutions were inoculated into 5 replicate tubes contain. 
ing 10 ml of the presumptive broth. The inoculated 
tubes were incubated for 48 hr as follows: SF, BAGG, 
and EP at 45 C (water bath); TL and AD ai 37 ¢. 
Growth from positive tubes was transferred {o the 
6.5% NaCl broth (one drop) and to EVA broth (3 
loopfuls). The NaCl broth was incubated 5 days at 
45 C; the EVA broth for 48 hr at 37 C. In instances 
where growth was obtained in EVA but not in NaC 
broth, a transfer was made from the EVA cultures to a 
second tube of NaCl broth. 


RESULTS 


Relative sensitivity of presumptive media. In early ex- 
periments pure cultures were used to compare the rela- 
tive sensitivity of the five presumptive media indicated 
above. In these studies the highest decimal dilution of a 
24-hr broth culture that produced growth in the pre- 
sumptive media was compared with the similar titer in 
nonselective TD broth and with the plate count on 
TGYE agar. As shown in Table 1, four cultures pro- 
duced comparable counts in all media. Cultures 6057 
and 255, however, yielded significantly lower figures in 
TL broth. Lower counts also had been secured with 
TL broth in some of the early studies on frozen vege- 
tables. As a result is was concluded that this medium 
was less sensitive than the other presumptive media 
and therefore it was not included in further studies. 

Relative selectivity of enumeration procedures. Enumer- 


TABLE 1. Relative sensitivity of presumptive media when tested 
against pure cultures of Streptococcus faecalis 


Exponent of highest dilution showing growth 
S. faecalis 


res ive adia . at 
cultures* Presumptive media Control media 


BAGGt EP SF TL AD TD 


TGYE} 
8043 —10 —-9 | -9| -9| -—9 | —9 | 1.3 X 10° 
6057 —S -9 | -9 | —6); -—9 | —8 | 2.7 xX 106 
255 —9 —8 | -—8| -—5 | -—9 | -—9/|1.7 x 105 
] —§8 —8 | -9;| -9 | -—8| -—8|1.9 x 10 
18 —9 —8§ | —9 | -—8 | -—8| -—8 | 4.7 x 10° 
24 —9 —-9 | -9); -—8| -—9 | —9/|1.0 * 10 


* 8043 and 6057 are ATCC cultures; 255 was isolated from 
spoiled meat; 1, 18, and 24 were isolated from frozen vegetables 
t+ Media: BAGG = buffered azide glucose glycerol; EP = 
enterococcus presumptive; SF = S. faecalis; TL = thallous 
acetate; AD = azide dextrose; TD = tomato dextrose; TGYE 
= Tryptone glucose yeast extract. 
t Plate count. 
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ation methods were next evaluated from the standpoint 
of their relative specificity through a comparison of 
sunts obtained from frozen vegetables. In addition to 
evaluating the enrichment properties of the presump- 
tive media, information about the specificity of EVA 
broth was obtained by using 6.5% NaCl broth as a 
second confirmatory medium. The results (Table 2) 
show that although recoveries obtained with the differ- 
ont media varied somewhat with the sample, AD broth 
usually provided the highest counts. An analysis of 
variance of these data combined with a calculation of 
the least significant differences indicated that when 
EVA broth served as the basis for confirmation, AD 
broth yielded significantly higher counts than the 
other media. 

A number of cultures which produced growth in the 
EVA broth failed to develop in the sodium choride 
at 45 C and therefore the figures based on the latter 
method of confirmation frequently were lower (Tab e 2). 
A statistical analysis indicated there was no significant 
difference in the specificity of the four presumptive 
media when the cultures were confirmed in the sodium 
chloride broth. 

The observation that sodium chloride broth con- 
firmed fewer presumptive tests than EVA broth sug- 
vested that either many enterococci could not grow in 
the presence of 6.5% sodium chloride at a temperature 


TABLE 2. Effect of the presumptive and the confirmatory procedure 
(selectivity) on the number of enterococci found in 


frozen vegetables 


Adjusted MPN in presumptive broth 
following confirmatory tests 


Sam 
Vegetable ~ Confematans 
presumptive| SF |BAGG| EP AD 

tubes 
Green beans 1 EVA l 1 8 27 
(cut) NaCl* 1 1 8 4 
Green beans 1 EVA 130 350 540 | 16,000 
(French) NaCl 27 70 21 920 
2 EVA 240 350 350 9 ,200 
NaCl 240 350 350 240 
Corn (whole 1 EVA 79 130 4 64 
kernel) NaCl 22 22 4 23 
2 EVA 110 170 r 1,100 
NaCl 22 8 4 17 
Lima beans 1 EVA 330 700 |1,800 4,300 
NaCl 330 700 |1,800 1,400 
2 EVA 2,400 {1,300 |2,400 5,400 
NaCl 2,400 {1,300 490 3,500 
3 EVA 2,400 700 490 | 18,000 
NaCl 2,400 490 | 700 5,400 
Broccoli 1 EVA 17 23 4 220 
NaCl 17 2 4 130 
Spinach 1 EVA 2 13 23 79 


NaCl 1 4 13 79 
* TGYE broth containing 6.5% NaCl incubated at 45 C. 
\bbreviations as in Table 1. 








of 45 C or streptococci other than enterococci were 
capable of growth in EVA broth. To investigate this 
further, in a number of trials pure cultures were isolated 
from all EVA tubes exhibiting growth. The isolates were 
subjected to the following additional tests for entero- 
cocci: growth at 10 and 45 C, in 6.5% NaCl broth at 
37 C, in pH 9.6 broth and reduction of litmus milk. 
The results of a typical trial are illustrated in Table 3. 
It can be seen that most of the isolates from the EVA 
cultures did not fulfill the Sherman criterion for entero- 
cocci. When the organisms were cultured in TD broth 
sealed with vaspar, copious gas was produced. This 
indicated that leuconostoe species were responsible for 
the false positive tests obtained in this trial. [Proof 
that these leuconostoce isolates had actually grown in 
EVA broth was obtained by reinoculating the purified 
cultures into this medium (Table 3).| 

False positive confirmations in EVA broth were found 
in every trial where cultures were isolated and subjected 
to the “Sherman tests.’’ The actual numbers of entero- 
cocci in these vegetable samples were only a fraction of 
that indicated by growth in EVA broth (Table 4). The 
nonconfirmable organisms could not be distinguished 
from enterococci by microscopic examination and they 
frequently formed a purple pellet in EVA broth. The 
results in Table 4 also show that while confirmation in 
the 6.5% NaCl broth eliminated the false positive tests, 
some enterococci failed to grow under these conditions. 
It is apparent that the number of false positive tests 


TABLE 3. Cultural characteristics of isolates obtained 
from EVA positive tubes 


Initial 


PP cress Additional studies on isolates from EVA tubes 
confirmation 


Corn 


ample | Lube 
dilution no. 6.5% 6.56 Y : Ean 
Eva |NaCll Eva |10c|45c| PH |NaCl Litmus) ji, 
45C ” 137¢ TD 
ne ee eee ee eee oe ae 
eo) + |=)» |e) =) =) =) ee 
123; + |+| + | +/+ |+ | +] Red 
im} + |—-| + |}+/-—|-|—| NR | + 
125; + |+/ + |+|+ {+ |+| Red | - 
10-3 126 +4 a + (Culture lost 
127 + — = 2 +/|-/}-—|-—|NR 3 
ie bm ee bel el | 
129 1 = + +{|-—;]}-—|-—]|NR -—- 
130 + _ Ss +)/-—-;-—-|-—|NR {i+ 
10-4 131 + _ + +\|-- _ — | NR + 
132 _ ~ 
133 _~ — 
134 + = + +)/-};-—-|-j|;NR ji + 
135 + — + +)/—-—-;-|}—-—|NR {+ 
MPN/g| 9,200 68 | 68 





NR = no reduction; Red = reduced. EVA = ethyl violet 
azide; TD = tomato dextrose. 
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was reduced by using SF broth as the presumptive 
medium. However, this broth did not yield as many 
confirmable enterococci. 


The isolates that did not appear to be enterococci 
were examined for gas production, starch hydrolysis, 
and the production of ammonia from arginine. In addi- 
tion to the leuconostoc, other cocci were found to be 
responsible for false positive confirmations in EVA 
broth. The nonconfirmable organisms seemed to fit 
into three groups: species of leuconostoc, viridans 
streptococci, and a group not resembling any described 
type of streptococcus (Table 5). 

Many of the isolates in the third group resembled 
enterococci in that they grew in the sodium chloride 

TABLE 4. Effect of false positive tests on most probable 


number (MPN) count of enterococci in frozen 
vegetables 


Presumptive Confirmation 


test tests, MPN | Revised 
Vegetable —" ——| ree 
Type | MPN | EVA | Nac | *dditional 
at45C me 
Green beans 1 AD §18,000/16,000 490 700 
(French) SF 130 130 130 130 
2 AD 5,400; 5,400 1,300 1,300 
SF 170 170 78 170 
3 AD 9,200) 9,200 490 490 
SF 130 130 78 130 
Corn (whole 1 AD _ |§18,000 170 10 40 
kernel) SF 140 140 40 68 
2 AD _ $18,000) 9,200 18 68 
SF 230 230 10 10 
3 AD /18,000/14,000 170 170 
Broccoli ] AD 


2,400; 330 20 45 


* Growth at 10 and 45 C, in 6.5% NaCl broth at 37 C, in pH 
9.6 broth and reduction of litmus milk. 
Abbreviations as in Table 1. 


TABLE 5. General character of organisms responsible for 
false positive tests in EVA broth 


Source Characters 
Group po Growth in: _ 
Vegetable | Tsolation es ies 
10 C|45.c| DH | 65% 
I Green AD-EVA 5 +i/-|j;-|- > 
beans 
Corn AD-EVA 15 
Broccoli AD-EVA 1 
II* | Corn AD-EVA 1 —-|/+);)-|- = 
Corn SF-EVA 7 
III+ | Green AD-EVA 9 +/-—-|/+4/;+ - 
beans 
Corn AD-EVA 3 
Broccoli AD-EVA 2 


* Also hydrolyzed starch. 
+ No NH; from arginine. 
Abbreviations as in Table 1. 
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and pH 9.6 broths. They differed in that all 


led to 
grow at 45 C and to produce ammonia from ::rginine. 
Although 11 of the cultures reduced litmus mili, only 
produced a curd after incubation for one week at 37 ¢. 
The remaining three cultures produced no dcicctable 
change in litmus milk. Ten of the cultures fornied rela. 


tively large, slightly yellow colonies on the su 
TGYE agar. All of the isolates were catalase 


face of 
Legative 
and microscopic examination revealed that chains ove; 
eight cells in length were common. 

The observation that AD broth often yielded vreatey 
numbers of enterococci than SF broth (Tables 2 and 4) 
suggested that the two media might have selected for 
different types. Therefore, a total of 63 enterococcus 
cultures isolated via the two media were compared with 
respect to their growth in litmus milk, sorbitol broth, 

TABLE 6. Comparison of most probable number (MPN) 


counts in AD and SF broth with plate counts on 
TGYE agar 


SIGN fant went in: Ratio of plate to MPN 


Culture TGYE count with 
no. plate count 
AD SF AD SF 
xX 10° x 106 x 108 


Primary enrichment medium AD 


10 49 0.1 80 1.6 800 
36 49 0.1 130 2.6 1,300 
37 920 160 800 0.9 5 
162 79 0.1 56 0.7 560 
164 110 0.1 38 0.3 380 
Primary enrichment medium SF 

19 540 540 680 2 l 3 
46 210 130 150 0.7 1.1 
48 21 23 330 11 14 
174 110 130 220 2.0 1.7 
180 240 130 200 0.8 1.5 


Cultures isolated from EVA broth. 
Abbreviations as in Table 1. 


TABLE 7. Effect of the incubation temperature on the 
most probable number (MPN) of enterococci 
enumerated in AD and SF broths 


— | a | Comet | ee 
- x 106 
Primary enrichment medium AD 
36 AD at 37 C 49 2.6 
AD at 45 C 54 2.3 
SF at 37 C 79 1.6 
SF at 45 C 0.1 1,300 
TGYE agar 120 
Primary enrichment medium SF 
46 AD at 37 C 210 | 0.7 
AD at 45 C 170 | 0.9 
SF at 37 C 170 0.9 
SF at 45 C 130 1.1 
TGYE agar 150 | 





Abbreviations as in Table 1. 
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yd on TGYE agar containing 0.04% potassium 
illurite. These studies did not demonstrate differences 
that could be correlated with the source’ of the isolates. 
Thus, the cultural reactions of the organisms responsible 
jor the higher counts obtained with AD broth were not 
wlike those of the organisms isolated from SF media. 

A difference in the enterococci selected by the two 
media Was demonstrated, however, when a comparison 
yas made of the number of cells necessary to initiate 
gowth in SF and AD broth. In these studies the two 
media were used to enumerate the number of viable 
ells in 24-hr TGYE broth cultures of various isolates. 
\sshown in Table 5, many of the cultures exhibited a 
marked difference in their ability to initiate growth in 
sF and AD broth. Cultures originally isolated via AD 
broth required large inocula to initiate growth in SF 
broth, whereas, for the most part, cultures isolated from 
SF broth grew equally well in both media. This differ- 
ence in the cultures is emphasized by the ratio of plate 
io MPN counts shown in Table 6. Assuming that the 
cots on TGYE agar were close estimates of the true 
populations, the data indicate that with some cultures a 
mass inoculum was necessary to initiate growth in 
SF broth. 

The inhibitory effect of SF media on the growth of 
enterococci was found to be related to the incubation 
iemperature. As shown in Table 7, SF broth cultures 
incubated at 37 C yielded counts comparable to those 
obtained with the AD medium. At the same time, an 
incubation temperature of 45 C did not reduce the 
counts obtained with AD broth. These results may indi- 
cate an interaction between temperature and azide 
concentration because a major difference between the 
two media is that SF broth contains two and one-half 
times more sodium azide. 


DISCUSSION 


The results obtained in the comparisons of presump- 
tive media for the detection of enterococci in frozen 
vegetables agree with the results of the workers who 
have made similar studies on precooked frozen foods; 
that is, with most of the vegetable samples AD broth 
yielded the maximal numbers of confirmable organisms. 
It would appear that these counts were close estimates 
of the actual number of enterococci present because in 
pure culture studies (Tables 6 and 7), the numbers ob- 
tained with this medium usually were similar to those 
obtained in nonselective media. 

The findings that all of the vegetable samples ex- 
amined (Table 4) yielded streptococci other than entero- 
coeci that could grow in EVA broth is in variance with 
the results obtained with precooked foods by workers 
such as Zaborowski et al. (1958), who reported this 
medium to be specific for enterococci. This difference 
might be explained on the basis of a quantitative differ- 
ence in the types of streptococci contaminating the two 
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classes of foods. The fact that the nonconfirmable strep- 
tococci were present in all samples and were always 
isolated from the highest dilutions indicates they com- 
monly outnumber the enterococci as contaminants of 
vegetables. With the prepared foods, the numbers of 
these organisms may be greatly reduced by the cooking 
process. 

The results of this investigation indicate that some 
method other than the use of EVA broth must be used 
for confirmation of presumptive enterococcus cultures 
when working with frozen vegetables. The fact that 35 
out of the 43 false positive isolates could not grow at 
45 C (Table 5) suggested that incubating the EVA 
cultures at this temperature might solve the problem. 
However, in one trial many of the confirmed enterococci 
failed to initiate growth in EVA broth at 45 C. 

Many of the nonenterococcus types could be elim- 
inated by using 45 C instead of 37 C as the incuba- 
tion temperature for the azide dextrose presumptive 
cultures. Additional studies may show that this is a 
feasible solution as the results obtained with several 
cultures (Table 7) showed that raising the temperature 
did not reduce the recoveries in this medium. 

At the present time, the ability te grow in 6.5% 
sodium chloride and on incubation at 45 C appears to be 
the most reliable confirmatory procedure for enterococci 
in frozen vegetables. Although not all of the entero- 
coccus isolates were able to initiate growth under these 
conditions, the counts most closely approximated those 
established on the basis of the Sherman tests (Table 4). 
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ABSTRACT 


ANGELOTTI, Ropert (U. 8. Department of Health, 
Education, and Welfare, Cincinnati, Ohio), Miron 
J. Forer, anp Kerra H. Lewis. Time-temperature 
effects on salmonellae and staphylococci in foods. 
Ill. Thermal death time studies. Appl. Microbiol. 
9:308-315. 1961—Thermal death time studies were 
conducted at 5 F intervals from 130 to 150 F with 
strains of salmonellae and enterotoxigenic staphylo- 
cocci. Heat-resistant Salmonella senftenberg strain 
775W, Staphylococcus aureus strains 196E and 
Ms149, and non-heat-resistant Salmonella manhattan 
were studied in custard, chicken 4 la king, and ham 
salad. 

The Fys9 values (minutes of exposure at 140 F re- 
quired to effect 100% destruction) were as follows: S. 
senftenberg 775W in custard 78, and chicken a la king 
81.5; S. manhattan in custard 19, and chicken 4 la 
king 3.1; S. aureus 196E in custard 59, and chicken a 
la king 47; S. aureus Ms149 in custard 53, and chicken 
a la king 40. 

The end points of survival-kill at all the test tempera- 
tures for both salmonellae and staphylococci in ham 
salad were considerably less than for the other foods 
studied. 

D4) values (minutes of exposure at 140 F required 
to effect a 90% reduction in numbers) were also caleu- 
lated from the data and presented. 

Values for zr and Zp (slope of the thermal-death-time 
and decimal-reduction-time curves) are also presented 
and discussed in relation to type of food, organism, and 
temperature. 

These data indicate that heating perishable foods of 


the type studied to 150 F and holding every particle of 
food at this temperature for at least 12 min reduces 10 
million or less salmonellae or staphylococci per gram to 
nondetectable levels. 

The same degree of destruction is achieved in simi- 
larly contaminated foods when held at 140 F for 7 
to 83 min. 

On the basis of the calculation procedures employed, 
it is estimated that 45-min exposure at 140 F would be 
necessary to reduce 1,000 organisms per gram to non- 
detectable levels. 


EE 


Because of the continued occurrence of staphylococeal 
food poisoning and foodborne salmonellosis in the 
United States, a study has been undertaken on the 
conditions necessary for thermal destruction of the 
causative agents in foods. Of the many factors which 
affect the response of microorganisms to their en- 
vironment, temperature and time can be controlled 
most readily to prevent food-poisoning episodes caused 
by these bacteria. Though the effects of time-tempera- 
ture relationships on the activities of microorganisms 
have been under investigation for many years and are 
presently recognized as having a profound effect upon 
microbial life, application of this basic knowledge to 
the control of bacterial growth or toxin production in 
perishable foods has not been as extensive as in the 
canning or dairy industries. Instead, temperature con- 
trol, as an environmental factor important in food sani- 
tation, is applied largely on the basis of practical 
experience. 

The popularity of precooked ready-to-serve foods, the 
rapid development of catering services, the increased 
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ye of vending machines to dispense perishable meals, 
ud the growth of the restaurant industry have greatly 
wmplicated the problem of insuring adequate time- 
perature control over perishable products. For this 
rason, 2 series of studies has been undertaken to de- 
velop experimentally an organized body of technical 
data on the critical time-temperature relationships 
applicable to the safe handling of these foods during 
processing, storage, transportation, and preparation 
for serving. 

(ur previous reports (Angelotti et al., 1959; 1961a, b) 
iemonstrated that the practice of storing perishable 
foods at a temperature of 50 F for more than 1 day may 
rsult in increases of the microbial population; but, 
because Of the slow microbial growth at this tempera- 
ture, it is possible to store foods safely for short periods, 
provided the foods are not grossly contaminated with 
almonellae or staphylococci. It was also shown that 
gowth of salmonellae, staphylococci, and Clostridium 
botulinum types A, B, C, D is prevented in perishable 
foods when the internal temperature is at or below 42 F, 
and salmonellae and staphylococci do not multiply in 
foods heated to temperatures of 116 F and above. 

The purpose of this present study is to report upon 
the thermal resistance of food-poisoning salmonellae 
and staphylococci in selected foods as determined from 
thermal death time values obtained for each group 
in the temperature range of 130 to 150 F at five-degree 
intervals. 

MATERIALS AND METHODS 
Preparation of Cultures 

Previous research, conducted in our laboratory, on 
the heat tolerance of a number of Salmonella species 
representative of with foodborne 
salmonellosis and on several enterotoxigenic strains of 
Staphylococcus aureus, permitted us to select the follow- 
ing organisms as those displaying the limits of heat 
tolerance typical of salmonellae and staphylococci 
(Angelotti et al., 1959): high heat resistance, Salmonella 
senflenberg 775W and Staphylococcus aureus Ms149; 
low heat resistance, Salmonella manhattan and S. 
aureus 196E. 

Initially, all the organisms were grown on nutrient 
agar slants incubated at 37 C for 24 hr. They were 
harvested in sterile phosphate buffered dilution water 
(APHA, 1953), inoculated into sterile skim milk, and 
lyophilized. The lyophilized cultures were maintained 
as stocks at 5 C. 

To prepare a primary culture, a lyophilized stock was 
opened, transferred to a tube of Bacto! brain heart in- 


those associated 


fusion broth, and incubated 18 hr at 37 C. A transfer 


' Bacto products manufactured by Difco Laboratories, Inc., 
Detroit, Mich. Note: Mention of commercial products through- 
out is not to be construed as endorsement by the Public Health 
Service. 
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was made from the broth to a Bacto nutrient agar slant 
(primary culture) which was incubated for an additional 
24 hi at 37 C. This primary culture was stored at 20 C 
and served as a source of inoculum for secondary cul- 
tures for 5 consecutive days. At the end of 5 days, the 
primary culture was discarded, a fresh lyophilized stock 
opened, and the cycle repeated to obtain a new primary 
culture. 

Secondary cultures were prepared by inoculating a 
Bacto nutrient agar Roux bottle with cells from the 
primary culture and incubating at 37 C for 24 hr. After 
incubation, the cells were washed from the surface 
with sterile phosphate-buffered dilution water, shaken 
thoroughly with beads to break up clumps, and adjusted 
to the desired concentration with a, Coleman Junior 
spectrophotometer at 620 mu. 

In every experiment, the cells employed to inoculate 
the test foods were obtained from a 24-hr-old secondary 
culture which had undergone only one transfer beyond 
the primary culture. This technique was used to avoid 

variation and inadvertent selection of types whose heat 
resistance differed from that of the parent strain. 


Preparation of Sterile Foods 


Custard, ham salad, and chicken 4 la king were pre- 
pared as described previously, except that the water 
was omitted from the ham salad and chicken a la king 
(Angelotti et al., 1959). The foods were weighed out in 
250-g aliquots and placed in 1-lb, screw-cap jars with 
rubber seals. The jars of ham salad and chicken 4 la king 
were autoclaved at 121 C for 45 min and the custard 
at 115 C for 45 min. Each batch of food prepared 
throughout the study was tested for sterility by remov- 
ing the contents of a few jars and plating in Bacto 
plate count agar and inoculating into Bacto fluid thio- 
glycolate medium. The results of these tests indicated 
that in every instance a sterile product was obtained. 
The sterile jars of food were stored at 5 C. 

For each experiment, a single jar of food was em- 
ployed. One milliliter of the appropriately adjusted cul- 
ture, described above, was inoculated into the cold jar 
of food and resulted in a cellular concentration of ap- 
proximately 1 X 10’ organisms per gram as determined 
by plate count. (See last paragraph of the following 
section.) The inoculum was thoroughly mixed into the 
food with a sterile tongue depressor. Immediately after 
inoculation, the jar of food was placed in a 2.8 C water 
bath to prevent multiplication of the organisms during 
the interval required for setting up the thermal death 
time (TDT) tube filling apparatus. This interval was 
never more than 10 min. 


Procedure for Filling, Holding, and Heat 
TDT Tubes 

In view of the success reported by Stumbo, Gross, 

and Vinton (1945), in filling TDT tubes with solid 
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foods, an Allstate? spring-fed grease gun was used to 
fill the TDT tubes. The grease fitting was replaced with 
a length of borosilicate glass tubing (7 by 120 mm) held 
in place with a short section of rubber tubing. This at- 
tachment permitted the injection of the food into the 
bottom of the TDT tube in a continuous column free 
of entrapped air bubbles. Each tube received that 
amount of food delivered by one stroke of the gun. The 
average variation in weight delivered upon replicate 
strokes of the gun was found to be plus or minus 0.1 g 
for all three foods. The mean weight delivered for each 
food differed slightly as follows: chicken a la king 1.1 g; 
custard 1.0 g; and ham salad 1.1 g. 

All parts of the grease gun were thoroughly coated 
with a light covering of nontoxic, high melting point, 
technical grade, white grease* to prevent rusting during 
autoclaving. The head and barrel assemblies were 
wrapped separately in craft paper and autoclaved at 
121 C for 30 min. After autoclaving, the assemblies 
were oven dried at approximately 90 C and refriger- 
ated to 5 C. 

To fill the TDT tubes, the sterile, cold gun was re- 
assembled, filled aseptically with the cold inoculated 
food, and clamped to a ring stand. Soft glass (100 by 
10 mm), TDT tubes were employed. For each thermal 
resistance test performed, 72 sterile, cotton-plugged 
tubes were distributed into 6 copper serological test 
tube racks containing 12 tubes per rack. As each rack 
of tubes was filled, the rack was placed in a 2.8 C 
(+0.1 C) water bath to prevent multiplication of the 
test organisms. After filling all 72 tubes, one tube at a 
time was removed from the 2.8 C bath, sealed in an 
oxy-gas flame, and returned to the bath. After sealing, 
the ends were permitted to cool sufficiently to prevent 
cracking and the TDT tubes were completely sub- 
merged in the 2.8 C bath to equilibrate for 10 min. The 
complete filling, sealing, and cooling operation required 
approximately 60 to 90 min. Multiplication of the test 
organisms was prevented during this time by keeping 
the temperature of the food continuously below 7 C. 
Following equilibration to 2.8 C, all 6 racks of tubes 
were removed from the cold bath and plunged simul- 
taneously into a water bath heated to the desired test 
temperature. The hot bath maintained the test tempera- 
ture within +0.1 C. Timing was begun at the instant 
of submersion and at selected intervals individual racks 
were withdrawn from the bath, plunged instantaneously 
into the 2.8 C bath, and cooled for 10 min. 

For each test exposure, 10 TDT tubes were examined 
for survivors. The heat-treated TDT tubes were ex- 
amined for survivors by two methods. In the case of 


2 Allstate, steel, spring-fed grease gun manufactured by 
K-P Manufacturing Company, Minneapolis, Minn., and pur- 
chased from Sears Roebuck and Company. 

3 Petrol-Gel (white), McGlaughlin Oil Company, 3750 E. 
Livingston Ave., Columbus 13, Ohio. 
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chicken 4 la king and custard, the cooled tives wo 
incubated for 5 days at 37 C, after which 1 icy wor 
scored with a motor-driven glass tubing cutte: snapped 
open, and a loopful of the contents transfei red to , 
tube of Bacto phenol red broth containing 1 % -iextroy 
The inoculated broth tubes were incubated at 37 ( {yy 
24 hr and examined for turbidity and acid productig) 
TDT tubes containing ham salad were handled similar) 
to the others, except that they were opened and the 
contents transferred immediately after cooling 10 mip, 
These two methods, out of several variations tried 
resulted in the largest number of tubes showing su. 
vivors. In ham salad, a 5-day incubation resulted jy 
fewer survivors than the method finally adopted, }; 
was also found necessary to employ a broth with ay 
acid-base indicator, because the loopful of food added 
to the broth resulted initially in some turbidity. 

All tubes showing survivors were examined by Gran 
stain. The salmonellae survivors were streaked ont 
Bacto brilliant green agar plates and incubated 48 hy 
at 37 C. Following incubation, colonies were picked and 
tested against Salmonella polyvalent serum. Surviving 
staphylococci were streaked onto Bacto staphylococcus 
no. 110 medium and incubated 48 hr at 37C. After 
incubation, colonies were picked and tested for coagulas 
production. 

To determine the number of organisms per gram in 
the inoculated foods, four additional TDT tubes were 
filled, sealed, and handled in a manner identical to th 
TDT tubes of the test series. Following the 10-nin 
cooling period, the control tubes were opened, their 
contents combined, and two 1.0-g aliquots weighed out. 
Appropriate 10-fold dilutions of the aliquots were pre- 
pared in sterile, phosphate-buffered, dilution water, 
and duplicate plate counts of each were made in Bacto 
plate count agar. The plates were incubated at 37 C for 
48 hr. In all cases the food was found to contain between 
9 X 10° to 11 X 10° cells per gram. 


Determination of Rate of Heat Penetration 

Five TDT tubes were filled with one of the test foods 
as described above. An iron-constantan thermocouple 
(B & § 32 gauge) was placed in one tube at a time with 
the hot junction at the geometric center of the food 
column. The thermocouple was centered in the tube by 
means of three plastic rods which held it firmly, and the 
tube was sealed with a water-tight rubber cap, through 
which the leads extended. The tube was submerged i 
the 2.8 C water bath, and the temperature was re- 
corded every 7.2 sec by means of a Leeds and Northrup 
Speedomax type G temperature recorder. When the 
internal temperature reached 2.8 C, the tube was trans 
ferred to the hot water test bath and the interval re- 
quired to raise the internal temperature to that of the 
test bath, as registered by a control thermocouple, was 
recorded. On attaining this temperature, the tube was 














1961 | 


returhie 
lower 
This p! 
food st 
average 
for eac’ 
of 113. 
work i 
tion of 
peratul 
averag 
for the 
1943; 
Morto: 
Corr 
intern: 
when 
“letha’ 
in the 
reach 
the pr 
result 
foods 
and | 
closely 
glass 
Benja 
and L 
the te 
“Surv 
due ti 
death 
terms 
sary | 
tectal 
for tl 
cycle 
times 
a gre 
vival 
longe 
less t 
D 
to el 
Zp Va 
redu 
ealet 
(195 
struc 


T 
with 
mai 

obt: 





valu 








VOL, 4 





ES Were 
CY Were 
Snapped 
ed to a 
lextrose 
vi C for 
duction, 
‘imilarly 
and the 
10 min, 
is. tried, 


ing sur. § 


ulted jy 
pted. Ii 
With an 
d added 


Vv Gran 
ed onto 
48 hr 
ked and 
U'viving 
lococcus 
’. After 
agulase 


gram in 
eS were 
l to the 

10-min 
d, their 
hed out. 
ere pre- 

water, 
n Bacto 
37 C for 


betweell 


zon 


st foods 
ocouple 
me with 
he food 
tube by 
and the 
through 
rged in 
was Te- 
orthrup 
nen the 
s trans- 
rval re- 
t of the 
ple, was 
ibe was 




















i 





1961 | 


returned to the 2.8 C bath and the interval required to 
lower the internal temperature to 113 F was recorded. 
This procedure was repeated with five tubes of each 
food at 5-degree intervals from 120 to 150 F. The 
average temperature per time interval was calculated 
for each bath temperature employed. Fhe tempeature 
of 113 F was selected as an end point, because previous 
work in our laboratory revealed that thermal inactiva- 
tion of the test organisms does not occur at this tem- 
perature or below (Angelotti et al., 1959.) Using the 
average values, heat penetration curves were drawn 
for the three foods for each bath temperature (Ball, 
1943: Schultz and Olson, 1940; Anellis, Lubas, and 
Morton, 1954). 

Correction for “thermal lag” (time lag required for 
internal food temperature to reach bath temperature 
when TDT tubes are plunged into the bath) and 
“lethality during lag’’ (thermal destruction of bacteria 
in the food during the interval required for the food to 
reach the bath temperature) were made employing 
the procedure described by Anellis et al. (1954), and 
resulted in a mean correction factor for each of the 
foods as follows: custard, 1.6; chicken 4 la king, 1.5; 
and ham salad, 1.4. These values correspond very 
closely to those reported by others for various foods in 
glass TDT tubes (Ball et al., 1937; Sognefest and 
Benjamin, 1944; Anellis et al., 1954; Osborne, Straka, 
and Lineweaver, 1954). These values, subtracted from 
the total exposure time in the bath, gave endpoints of 
“survival-kill” corrected for thermal lag and lethality 
due to lag. Employing these points, corrected thermal- 
constructed and defined in 
terms of their /'y49 (minutes of exposure at 140 F neces- 
sary to reduce the inoculum to a level which is not de- 


death-time curves were 


tectable) and zp values (number of degrees F necessary 
for the thermal-death-time curve to traverse one log 
cycle). These corrections are insignificant when the 
times are of relatively short duration. For this reason, 
a greater degree of certainty is associated with the sur- 
vival-kill points of the corrected TDT curves at the 
longer exposure times than at those for exposures of 
less than 10 minutes. 

D values (minutes of exposure at 140 F necessary 
to effect a 90% reduction in original inoculum) and 
2p Values (number of degrees I* necessary for the decimal 
reduction time curve to traverse one log cycle) were 
calculated by the probability procedure of Schmidt 
(1957) and decimal reduction time curves were con- 
structed. 


,ESULTS 


The results obtained in custard and chicken a la king 
with the test salmonellae and staphylococci are sum- 
marized in Table 1. The Figo, zr, Diso, and zp values 
obtained in duplicate experiments along with average 
2 and 3. 


values are shown in Tables 
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These data reveal several points of interest in respect 
to the thermal resistance of the two groups of organisms 
in chicken a la king and custard. As would be expected, 
rather large differences in the heat resistance of the 
salmonellae and staphylococci were observed. Ex- 
cluding, momentarily, the results obtained with the 
exceptionally heat-resistant S.  senftenberg 775W 
(Solowey, Sutton, and Calesmick, 1948; Anellis et al., 
1954; Osborne et al., 1954; Angelotti et al., 1959), the 
staphylococci displayed greater heat resistance than the 
remaining salmonella species. This is in keeping with 
the findings for broth cultures reported earlier 
(Angelotti et al., 1959). Also, in keeping with these 
findings, very little difference in heat resistance was 
observed among the staphylococci; however, S. aureus 
196E gave greater Fy49 values than Ms149. This was 
unexpected, in view of the earlier work which indicated 
that broth cultures of Ms149 were more heat resistant 
than 196K. 

S. senflenberg 775W displayed the greatest heat re- 
sistance of any of the organisms studied. The Fys9 
values in custard (78.0) and chicken 4 la king (81.5) 
were quite similar. It is important to note that this or- 
ganism was originally isolated from egg products; 
therefore, it is reasonable to assume it may, on occasion, 
contaminate prepared foods containing eggs. It is 
equally important to note, that the extreme heat. toler- 
ance of S. senftenberg 775W is not a common property 
of this serological type, as was shown by Anellis et al. 
(1954), with strains 523, 2623, and 3252, which were also 
isolated from egg products. 

S. manhattan was the least heat-resistant organism 
studied and yielded Fy49 values more in keeping with 
those generally recognized for salmonellae (Solowey 
et al., 1948; Anellis et al., 1954; Osborne et al., 1954). 
Custard afforded greater protection against heat de- 
struction than chicken 4 la king, and the slope of the 
TDT curve in custard was not as steep. This was the 
only instance observed in which the food menstruum 
apparently affected the slope of the TDT curve. Kaplan, 


TABLE 1. Thermal resistance of salmonellae and staphylococci 
in custard and chicken a la king : 


Minutes required to kill 1 X 10° organisms per gram* 


*xnosure | Saphylococcus : : Salmonella Salmonella 
— aureus Ms149 S. aureus 196E | senftenberg 775W manhattan 
Cus- | Chicken | Cus- | Chicken Cus- | Chicken | Cus- | Chicken 
tard | Ala king| tard | 4 la king} tard | Ala king} tard | Ala king 
F 
130 = [530 450 540 | 425 530 620 100 35.5 
135/165 130 180 | 140 = (205 220 44 10.5 
140 53 40 59 | 47 78 81.5 | 19 3.0 
145 16.5; 11.5 | 19.5) 15.5 | 29.5] 28.5 8.1) 0.9T 
150 5.2 3.4 


6.6, 5.2 | 11.5) 10.0] 3.5) 0.3f 


* Average value from duplicate experiments. 
+ Extrapolated. 
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Reynolds, and Lichtenstein (1954), have shown that z 
values are independent of the menstruum in which the 
organism is heated, and that the observed variation in 
individual z values for different foods fall within statisti- 
‘al limits of experimental error. The variation for 
z observed with S. manhattan in custard and chicken 
4 la king may represent such experimental error in that 
both are low acid foods and neither contains any sub- 
enough concentration to inhibit 
survivors upon product incubation at 95 F (Angelotti 
et al., 1959). 

In custard and chicken a la king, both strains of S. 
aureus were found to possess an intermediate degree of 
heat resistance between the high of S. senftenberg 775W 
and the low of S. manhattan (Tables 2 and 3). 

For comparison with the F449 values, Dio values are 
also presented in Tables 2 and 3. The Dj data em- 
phasize the relatively short period of time, from that of 
the whole heat treatment, required to kill 90% of the 
bacterial population. Because D is independent of initial 
bacterial concentration (Youland and Stumbo, 1953; 
Pflug and E sselen, 1954; Schmidt, 1957), although some 
evidence exists to the contrary (Reed, Bohrer, and 
Cameron, 1951; El-Bisi and Ordal, 1956a, b), a greater 


stances in great 


TABLE 2. Heat resistance of salmonellae* in custard and chicken a la king 


Custard 
Organism _ 
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VOL. 9 
flexibility is available for interpreting heat. re- -tance 
data than is possible by thermal-death-time det. :ining- 
tions alone. From the time of Bigelow and Esty | | 920). 
it has been recognized that the heat resistance: of an 
organism is dependent upon initial concen: ‘ation. 
Because of this, / values for different suspensics are 
not comparable, unless the initial inocula were id: iitical. 


By employing D, it is possible to determine the heat 
resistance of an organism and make direct compurisons 
between data in which various sized inocula were em- 
ployed. In freeing the investigator from dependence 
upon inoculum size, a method is available that enables 
him to determine thermal resistance in a given sub- 
strate under various conditions of bacterial load. This 
fact is particularly important in a study of the type 
presented here. From a practical standpoint, it is im- 
possible to measure the heat resistance of an organism 
in prepared dishes under all levels of bacterial concen- 
trations. But in calculating D values, a measure of 
thermal resistance is derived, based on a limited number 
of experiments, which is applicable through the many 
predictable bacterial concentrations attainable in a 
given food. 

Under practical conditions, ham salad would not be 


Chicken a Ja king 


Dire zD 





Fisot srt Diso§ 
Salmonella — senftenberg 78.00 11.80 9.36 
775W 
S. senftenberg 775W 78.00 11.80 13.27 
Avg... 78.00 11.80 11.32 
S. manhattan 19.00 13.75 2.39 
S. manhattan 19.00 13.75 2.49 
Ave... 19.00 13.75 2.44 





* Approximately 10,000,000 organisms per tube. 


+ Minutes of exposure at 140 F necessary to reduce the inoculum to a level which is not detectable. 
t Number of degrees F necessary for the thermal-death-time curve to traverse one log cycle. 

§ Minutes of exposure at 140 F necessary to effect a 90% reduction in original inoculum. 

{’ Number of degrees F necessary for the decimal reduction time curve to traverse one log cycle. 


TABLE 3. Heat resistance of staphylococci* in custard and chicken a la king 


Custard 
Organism 
Fi sot oF Diso 

Staphylococcus aureus 59.00 10.50 8.24 

196E 
S. aureus 196E 59.00 10.50 7.40 

Avg 59.00 10.50 7.82 
S. aureus Ms149 52.00 9.20 7.68 
S. aureus Ms149 54.00 10.70 7.68 

Avg 53.00 9.95 7.68 


* Approximately 10,000,000 organisms per tube. 
+ See footnotes to Table 2 for explanation of symbols. 


zp‘ Fiso oF 
12.25 83.00 11.00 9.22 12.15 
11.86 80.00 11.90 9.99 11.50 
12.05 81.50 11.45 9.61 11.883 
15.80 3.00 9.50 0.40 9.20 
13.00 3.10 9.10 0.39 8.70 
14.40 3.00 9.30 0.40 8.95 
Chicken a la king 
2D Fiso oF Di10 2p 
9.90 47.00 10.50 5.25 9.95 
10.90 47.00 10.50 5.49 9.50 
10.40 47.00 10.50 5.37 9.73 
9.20 38.00 9.40 4.89 8.95 
9.85 42.00 9.20 5.45 10.50 
9.53 40.00 9.30 5.17 9.73 
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served as a hot food; however, a few trials were made 
with this food for comparative purposes. These experi- 
ments revealed that both the salmonellae and staphy- 
lococei gave lower end points of survival than in custard 
or chicken a la king. Because holding temperatures for 
hot foods are best based on the survival of the most 
heat-resistant organism likely to be encountered in a 
food affording it maximum heat protection, little merit 
was associated with determining TDT and D values for 
the test organisms in ham salad. However, Table 4 
shows the “survival-kill’” points attained with S. 
senftenberg T75W and S. aureus Ms149 in this food. 


DISCUSSION 


Judging from the values presented for Djyyo, 90% 
destruction of the population of the most heat-resistant 
organism studied (S. senftenberg 775W) occurred in ap- 
proximately 10 to 11 min in both custard and chicken a 
la king, and the same degree of destruction for the 
staphylococci occurred in approximately 5 to 8 min. 
When the number of salmonellae remaining in a food 
after a 90% reduction is not equivalent to an infective 
dose for the susceptible group under study and provided 
subsequent contamination or growth of the remaining 
organisms is prevented, little danger is associated with 
the ingestion of such a food. According to McCullough 
and Eisele (1951), the adult oral infective dose for 
several strains of S. melagridis and S. anatum ranged 
between 587 thousand to 67.2 million. However, in those 
instances where a 90% reduction still results in numbers 
approximating an infective dose for the susceptible 
group under study, danger does exist. With S. senften- 
berg 775W in chicken A la king, all the cells were killed 
after 81.5 min of exposure at 140 F and 90% reduction 
occurred after 9.61 min. From the slope of thermal- 
death-time curve (zr 11.45) and the decimal-reduction- 
time curve (zp 11.83), we find that a temperature of 
152 F would yield the same results, but with better 
than a tenfold reduction in time. However, even this 
information does not tell the investigator whether an 


TABLE 4. Heat resistance of Salmonella senftenberg 775W 
and Staphylococcus aureus Ms149 in ham salad* 


Time of exposure 


| 


Organism a A Last interval | First interval 
: at which some) at which all 
tubes were tubes were 
positive negative 
F min min 
S. senftenberg 775W 135 78.0 83.0 
140 32.0 35.0 
150 4.5 5.5 
S. aureus Ms149 130 185.0 200.0 
140 35.0 40.0 
150 5.0 6.0 


* Approximately 10,000,000 organisms per tube. 
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infective dose exists after such a heat treatment, unless 
he knows the initial concentration of cells; a situation 
rarely encountered in practice. But, by employing D 
alone, any arbitrary degree of destruction can be 
achieved irrespective of the initial concentration. For 
example, if D = 90% reduction, then a process of 
2D = 99% reduction, etc. Assuming an exaggerated 
situation in which 1 X 10’ salmonellae per gram of food 
are present, a process equivalent to 6D would yield a 
99.9999 % reduction in numbers, or 10 salmonellae per 
gram. From the data presented, it is seen then that a 
process of 6D would have reduced ten million S. senften- 
berg 775W per gram of custard to an innocuous level of 
10 salmonellae per gram, after 67.92 min of exposure at 
140 F. At the same time, this exposure results in com- 
plete destruction in either food of S. manhattan and the 
staphylococci. However, an extended exposure of this 
type may not be practical. From observing the decimal 
reduction time curve (see Fig. 1), it is seen that 90% 
reduction of S. senftenberg 775W in custard occurs after 
1.68 min at 150 F. A process of 6Dj59 (10.08 min at 
150 F) results in the same degree of destruction of S. 
senftenberg 775W in custard, as cited in the above ex- 
ample and simultaneously gives complete destruction 
of this organism in chicken 4 la king, as well as complete 
destruction of the remaining organisms in all the foods. 
Because z has been shown to be independent of the 
menstruum in which vegetative organisms are heated, 
and because D provides a measurement of heat re- 
sistance independent of initial concentration of cells, a 
method is available of evaluating holding times and 
temperatures necessary to eliminate salmonellae and 
staphylococci from foods. The extreme heat resistance 
of S. senftenberg 775W and its occurrence in egg products 
demands that any heat treatments proposed to elimi- 
nate salmonellae from foods be based on the require- 
ments necessary to destroy this organism. Fortunately, 
the F449 valve for other strains of salmonellae, as shown 
here and reported by others (Winter et al., 1946; 
Solowey et al., 1948; Goresline et al., 1951; Osborne 
et al., 1954; and Anellis et al., 1954) is of the order of 3 
to 4. These values are considerably less than required 
for S. senftenberg 775W. Heat resistant, enterotoxigenic 
staphylococci also require shorter heating times (F149 of 
40 to 59). Therefore, a process capable of destroying S. 
senftenberg 775W would necessarily destroy other sal- 
monellae and staphylococci with some margin of safety. 
Because the extended time necessary to kill at 140 F 
may be impractical under actual conditions of food 
service, higher holding temperatures may be advanta- 
geous. The results reported here indicate that heating 
perishable foods of the type employed in this study to 
150 F and holding every particle of food at this tem- 
perature for no less than 12 min reduces 10 million or 
fewer salmonellae or staphylococci per gram to levels 
not detectable by our methods. In practice, exposure 
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times of longer duration at 150 F or of equivalent dura- 
tio at temperatures above 150F would provide a 
safety factor. 

Because destruction time increases with a decrease in 
temperature, prolonged holding at 140 F is necessary to 
achieve results comparable to those cited above. How- 
ever, if the level of contamination were approximately 
1,000 organisms per gram of the test food, it is estimated 
that a process equivalent to 4D,49 or 45 min at 140 F 
would, in most instances, eliminate detectable survivors. 
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ABSTRACT 


OucH, C. 8. (University of California, Davis). 
Acetaldehyde formation in submerged cultures of non- 
film-forming species of Saccharomyces. Appl. Micro- 
biol. 9:316-319. 1961.—Three different yeasts of the 
species Saccharomyces cerevisiae ferment ethyl alcohol to 
acetaldehyde aerobically and produce ‘flor’ character 
in a wine medium with submerged culture techniques. 
Three pounds per square inch gauge (psig) of oxygen 
instead of 15 psig of air permitted fermentations to 
proceed, though slightly slower in the series tested, and 
reaching slightly lower total aldehydes. 


Re 


In Spain “flor” sherry has been produced for many 
centuries by growing yeast films on the surface of wines. 
These wines are kept, with the growth of flor yeast, in 
small butts for many years before the ‘‘flor character” 
is fully developed. Sensory examination of the wine is 
the only criterion for measuring the flor character im- 
parted to these wines. Coincidental to the development 
of flor character is the accumulation of acetaldehyde. 
This second product can be measured chemically and 
appears to be produced at a similar rate as the “flor 
character,” although the two products are not one and 
the same. 

Standard methods of submerged-culture fermenta- 
tions of ethyl alcohol with Saccharomyces beticus (a 
film-forming, aerobic, alcohol-fermenting yeast) that 
produce aldehydes and flor character in wines at a very 
rapid rate have been reported on by Amerine (1958) and 
Ough and Amerine (1958, 1960). They have described 
the technique in detail, and some of the relations govern- 
ing the fermentations. 

Some of the work of Fornachon (1953), done with 
“flor” type yeasts, indicated that this oxidative fermen- 
tation of alcohol to acetaldehyde takes place by the 
alcohol dehydrogenase-coenzyme I mechanism, and 
that further oxidation steps to reoxidize the reduced co- 
enzyme I are by the flavin-cytochrome oxidase path- 
way. This is a reversal of normal anaerobic fermenta- 


tion. Below are the reactions as suggested by Fornachon 
(1953): 





alcohol 
dehydrogenase 


Ethyl aleohol + coenzyme I z — acetaldehyde + 


reduced coenzyme [ + H- 
Reduced coenzyme I + flavin > coenzyme I + reduced flavin 


Reduced flavin + cytochrome — 


flavin + reduced cytochrome 
2 Reduced cytochrome + 2H*+ + 


cytochrome 
1 60. — 





—— 2 cytochrome + H.0 
oxidase system x ¥ 


Nearly all past work in the fermenting of ethyl] aleo- 
hol to acetaldehyde in wine making has been done with 
species of Saccharomyces that form films. Many people 
concluded that only this type would produce flor char- 
acter in wine. However, it will be shown that species of 
Saccharomyces that are not film formers will carry out 
the aerobic ethyl alcohol to acetyldehyde fermentation 
is submerged culture and give the desired flor character 
as well. The formation of acetaldehyde from ethyl] alco- 
hol would be expected, under the proper conditions, with 
any yeast that fermented glucose (or other fermentable 
sugars) to ethyl alcohol since acetaldehyde is the precur- 
sor to the ethyl alcohol. The main reason this has not 
been shown to any extent is that the conditions neces- 
sary to cause the reversal of the “normal” fermentation 
are rather odd in that getting any rapid or large ac- 
cumulations of the desired products depends on main- 
taining a given concentration of oxygen in the medium, 
keeping the yeast suspended and viable, and apparently 
dividing. 

Wines allowed to become excessively aerated will 
have aldehydes formed in them to the extent of 100 to 
150 mg per liter. This is considered bad, and the wines 
are classified as spoiled. In such cases the reactions 
described above are taking place very slowly. It is 
necessary to get the aldehydes over 150 to 250 mg per 
liter before flor character is developed. 

Crowther (1957-58) indicated that the flor character 
may be an aldehyde or a loosely bound compound of 
aldehyde with some other substance. He showed that as 
low as 35 mg per liter additions of sulfur dioxide will re- 
move flor character from wine. 
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This report describes the results of several experi- 
ments With non-film-forming yeasts of several strains of 
Saccharomyces cerevisiae. Also reported on are results of 
experiments using oxygen at a lower pressure in place of 
air to furnish the necessary oxygen pressure. 


MATERIALS AND METHODS 


Fermentation equipment and conditions. The tanks 
used for part of the fermentations, fully described by 
Amerine (1953), were 90-liter stainless steel, equipped 
with baffled variable speed stirrers. The tanks for the 
tests fermented under oxygen pressure were 10-gallon 
Lastiglas (epoxy-baked resin) coated (ig. 1). Agitation 
was maintained by stirring 5 min per hour at 297 rev 
min in the large tanks, and by pumping-over 5 min per 
hour at 2 gallons per min in the small tanks. Air and 
oxygen pressures were regulated to +14 psig oxygen at 
3 psig and the air at 15 psig. No throughput of oxygen 
was allowed. In the air-pressure fermentations about 
0.1 liter per min of air was allowed to escape con- 
tinuously. 

Media. Used as a medium for these alcohol-to-alde- 
hyde fermentations were wines fermented to dryness 
(all fermentable sugar used), made from Palomino 
grapes grown in the University vineyard at Davis. 
Filtered wines were sterilized in an autoclave (15 psig 
for 15 min) before initial inoculations of the various non- 
film-forming yeasts. No fining of the new wines was 
done. Alcohols were adjusted to 13.5 to 14.5% by 
volume. No other additions were made. Transfer fer- 
mentation media were not sterilized but were filtered to 
a high degree of brilliance. 

Yeasts. The yeasts used were Saccharomyces cerevisiae 
var. ellipsoideus (strains no. 508 and no. 522) and “Red 
Star” baker’s yeast. The no. 508 is a standard wine 
yeast used in champagne fermentation, no. 522 is a 
yeast used by the University winery and many com- 
mercial wineries throughout California to ferment grape 
juice to wine. The baker’s yeast was purchased in dry 
cake form from the local bakery. For comparison a 
fermentation was also made with S. beticus. 

The inocula for the various wine yeasts were prepared 
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1, Schematic drawing of tank used for pressure fermentation 


from known slant cultures under sterile conditions in 
grape juice. Kach inoculum was brought to about 50 to 
100 X 10° cells per ml on a rotary shaker before being 
placed in the media. The baker’s yeast was put into a 
slurry with a small amount of sterilized wine and added 
to the medium in amounts to give about 10° cells per ml 
final concentration. 

Analyses. Analytical methods were those described 
previously by Amerine (1955). 


RESULTS AND DISCUSSION 


The fermentation with S. beticus went in a normal 
manner. The fermentation curve (lig. 2) shows a period 
of acclimatization and then a very rapid period of 
aldehyde production until a maximum is reached. The 
acclimatization period has been discussed by Ough and 
Amerine (1960), and indications are that the yeast has 
to become adapted to the aerobic conditions. The yeast 
is viable but does not reproduce in this period; then, as 
it starts to reproduce, the aldehyde level increases 
sharply. If this acclimatized yeast is transferred to fresh 
medium there is no lag in the formation of aldehydes. 

Strain no. 522 of S. cerevistae var. ellipsoideus ap- 
peared to need less acclimatization. Aldehyde produc- 
tion went up rapidly as soon as it was put into the 
media (Fig. 3). 

Starting a fermentation with the yeast S. cerevisiae 
var. ellipsoideus no. 508 (Fig. 4), indicated a shorter 
acclimatization period than for the S. beticus. The start- 
ing culture had only a slight delay and the transfer 
culture fermented reasonably rapidly to 675 mg_ per 
liter of aldehyde. 

Using baker’s yeast gave a starting time similar to 
that for S. beticus: after 30 days, accumulation of alde- 
hydes were rapid (Fig. 5). The transfer culture fer- 
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FIG. 2. Aldehyde production with Saccharomyces beticus no. 


519 (15 psig air pressure with stirring of medium). 
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mented quite rapidly and produced a high amount of 
aldehyde in a short time (1250 mg per liter in 8 days). 

The fermentations discussed above were done at 15 
psig of air pressure. The chemical constituents of pri- 
mary concern are given in Table 1. In most instances 
the starting and final analyses are shown for the starting 
culture and for the transfer culture. Of main importance 
are the volatile acids and the aldehydes. The levels of 


















T T 
600+ . 
500K 4 
~ Starting culture : 
= 400 4 
<4 
@ 4 
a] 
=~ 
® 300 4 
— 
. 
Ee 
200 = 
. 
100 4 
‘See a a oe | 
0 |! 2 5 6 


FIG. 3. Aldehyde production of starting culture of Saccharo- 
myces cerevisiae var. ellipsoideus no. 522 (15 psig air pressure 
with stirring of medium). 
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FIG. 4. Aldehyde production of starting and transfer cultures 
of Saccharomyces cerevisiae var. ellipsoideus no. 508 (15 psig air 


pressure with stirring of medium). 
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FIG. 5. Aldehyde production of starting and transfer cultures 


of Saccharomyces cerevisiae (baker's yeast) (15 psig air pressur 


with stirring of medium). 


TABLE 1. Analyses of fermentations done under 15 psig of ai 


Total |Volatile 
acid (g | acid (g 
Yeast tartaric | acetic 
acid acid 
100 ml) | 100 ml) 
Saccharomyces beticus 
(Saccharomyces fermentt) 
no. 519 
Starting culture 
Start 0.39 | 0.04 
Finish 0.41 | 0.04 
Saccharomyces cerevisiae 
var. ellipsoideus no. 508 
Starting culture 
Start - 
Finish 0.49 | 0.07 
Transfer culture 
Start* 0.47 | 0.07 
Finish 0.47 | 0.08 
Saccharomyces cerevisiae 
var. ellipsoideus no. 522 
Starting culture 
Start* 0.53 | 0.08 
Finish 0.53 | 0.09 
Saccharomyces cerevisiae 
(baker’s yeast) 
Starting culture 
Start 0.39 | 0.03 
Finish 0.40 | 0.03 
Transfer culture 
Start 0.62 | 0.04 
Finish 0.60 | 0.04 


* Samples taken 24 hr after start. 
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pvdes of 600 to 1,100 mg per liter. The amount is ap- 
parent] controlled by the alcohol level and the minor 
nutrients in the media. In all cases the aleohol decreases 
orremains the same. 

One pair of fermentations with no. 522 was done at 
3 psig of oxygen pressure (‘Table 2, Fig. 6). Results were 
ys in the previous experiments except that the starting 
period for this yeast was not as short. However, in this 
instance the transfer was successful and aldehyde pro- 
duction was typical except that the rate and total 
aldehyde concentration were slightly depressed. Previ- 
ous experiments with 5 psig of air showed only very 
slight fermentation (Ough and Amerine, 1958). 

All fermentations at 15 psig air produced typical flor 
character in the wine as judged by three experienced 


TABLE 2. Analyses of fermentation of yeast strain 522, fermented 
at 3 psig of oxygen 


Total |Volatile 
acid (g| acid (g 


Alcohol | Aldehyde 


Yeast tartaric | acetic pH (% by (mg 
ci acid volume)| liter) 
100 ml) |100 ml) 


Saccharomyces cerevisiae 
var. ellipsoideus no. 522 


Starting culture 


Start* 0.41 | 0.04 | 3.53 | 14.2 55 

Finish 0.38 | 0.04 | 3.57 | 14.0 | 295 
Transfer culture 

StartT 0.41 | 0.04 | 3.56 | 14.8 98 

Finish 0.41 | 0.04 | 3.62 | 14.1 440 


* Sample taken 48 hr after start of fermentation. 
7 Sample taken 72 hr after start of fermentation. 
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FIG. 6. Aldehyde production of starting and transfer cultures 
of Saccharomyces cerevisiae var. ellipsoideus no. 622 (3 psig ory- 
gen pressure with pump circulation of medium). 







judges. No basic differences in odor could be found 
except for a slightly more fruity odor in the fermenta- 
tions that went very rapidly. Later tastings indicated 
that the fermentations with baker’s yeast gave “off” 
flor character tastes to the wine. 

Certain practical advantages can be realized by using 
a non-film-forming yeast for such fermentations. A 
film-forming yeast is always a possible contaminant for 
other still wines in a cellar, and is sometimes difficult to 
control. Further, the particular yeast S. 
difficult to maintain in slant form since its viability de- 
creases rapidly on agar media. 

If this method of production of flor wines is followed 
up on a large scale by the industry or is adapted to 
acetaldehyde production on a commercial basis, one ad- 
vantage of using oxygen rather than air can be realized 
by making tank construction cheaper because of reduced 
pressure. In the long run it is questionable if this would 
offset the difference in cost between oxygen and air. 


beticus is 


CONCLUSIONS 


This work demonstrates that aldehyde production 
and resulting flor character produced by aerobically 
fermenting yeast is not restricted to the film-forming 
yeasts similar to S. beticus but that at least three non- 
film-forming yeasts of the species S. cerevisiae will give 
the same results. It also indicates that ‘‘flor”’ aroma is a 
fermentation product. 

A pressure of 3 psig of oxygen has been shown to 
cause the fermentations to continue for a reasonable 
time, indicating that cheaper tank construction could 
be used, although costs for oxygen versus air might 
offset the savings. 
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ABSTRACT 


MarGauitu, P. (Lepetit S.p.A., Milan, Italy), anpb 
H. Pagani. Rifomycin. XIII. Fermentation and pro- 
duction of rifomycin complex. Appl. Microbiol. 9:320 
324. 1961.—Rifomycin complex, a mixture of at least 
five different antibiotic principles, has been produced by 
submerged fermentation procedures in the laboratory 
and on pilot plant scale, using a semisynthetic medium. 
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Difficulties were met with, due to the heterogeneity o 
the antibiotic principles. Mutation work led to th 
isolation of a strain that produced fractions C and D jy 
greater amounts. 
a 

The morphology of Streptomyces mediterrane?, the 
rifomycin complex producing strain, has been described 
in a previous paper (Margalith and Beretta, 1960). In 
this work we would like to report on the fermentation 
and production of the rifomycin complex, consisting of 
at least five different antibiotic principles. Chemical and 
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FIG. 1. Spectrophotometric curve of rifomycin complex. Strain ME/83, X2 dilution (----- ); strain ME/83/973, X2 dilution (—— 
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FIG. 2. Spectrophotometric curve of oxidized samples. Strain ME/83, X2 dilution ( 


TABLE 1. Effect of corn steep liquor (CSL) on the production of 
rifomycin complex 
% Myce- Rifomycin 


complex, 
ug/mlt 


Medium* Age/hr pH lium/vol 


ASS, control without CSL 48 5.4 26 250 
CSL batch S/2.... 48 6.3 2. 102.5 
CSL batch R/15.... 48 6.4 : 130 


* For composition of media, see text. 
t Microbiological assay with semipurified sample of rifo- 
mycin complex as standard. 


physical characteristics of the various fractions of 
rifomycin complex have been already described by 
Sensi, Greco, and Ballotta (1960). 


MATERIALS AND METHODS 


Slant cultures of S. mediterranet grown for at least 5 
days at 28C on ML sporulating medium (Margalith 


); strain ME/83/973, X2 dilution (— 


and Beretta, 1960) served as inoculum of 500-ml Erlen- 
meyer shake flasks with 100 ml seed medium. The com- 
position of the ML medium was as follows (per liter): 
(NH,4)SO., 2.6 g; KH2PO., 2.4 g; K2HPO,-3H,.0, 
5.6 g; MgSO,-7H,O, 1.0 g; CuSO,-5H.O, 0.0064 g; 
FeSO,-7H.0, 0.0011 g; MnCl, -4H20, 0.0079 g; ZnSO, - 
7H.O, 0.0015 g; agar, 18 g; lactose, 10 g; and distilled 
water, 1,000 ml; pH after sterilization, 6.8 to 7.0. 

Composition of seed medium (per liter): beef extract, 
5 g; yeast. extract, 5 g; peptone, 5 g; enzymic casein 
hydrolyzate, 3 g; glucose, 30 g; and sodium chloride, 
1.5 g; before autoclaving the pH value was 7.3. 

The flasks were shaken for 48 hr at 28C on a re- 
ciprocal shaker (100 shakes/min, 10-cm amplitude). 
Glass fermentors with 4 to 5 liters of seed medium were 
inoculated with 2.5% (v/v) of shake flask cultures. 
Vegetative growth took place in 24 hr (800 rev/min; 
aeration 1 v:v:min at 28 C and 0.3 atm over-pressure) 
when the mycelium reached 4 to 6% of the volume. 
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This was determined by centrifuging samples for 10 min 
at 3,000 rev/min. Production of the antibiotic was ob- 
tained by inoculating 10% into the 
medium. 

Cumposilion of fermentation medium (per liter): corn 


fermentation 


steep liquor, 20 g; calcium carbonate, 9 g; ammonium 
sulfate, 6 g; soya bean meal, 5 g; magnesium sulfate, 1 g; 
glucose, 50 g; and potassium dihydrogen phosphate, 
3 g. The pH was corrected to 7.0 and some drops of 
silicone (Antifoam A?) were added. Autoclaving was 
performed at 121 C for 30 min. Fermentations were run 
in 20-liter glass fermentors with 10 liters of medium at 
28 C; 800 rev/min; aeration 1.5 v:v:min and 0.3 atm 
over-pressure. Maximal antibiotic activity was obtained 
usually between 42 and 50 hr. 

Analytical methods. Microbiological determination of 
the rifomycin complex were carried out by the paper 
dise method using Sarcina lutea as the test organism and 
a semipurified sample of the rifomycin complex as 


2 Saint Gobain, Soe. Ind. Silicones, Paris, France. 


[VOL, § 
standard. The medium for the dise assay had «his con. 


position (per liter): beef extract, 1.5 g; yea: extrac 


3 g; Casitone, 4 g; peptone, 6 g; glucose, 1 g; » 2ar. 15 ¢- 
distilled water, 1,000 ml; pH after steriliza: ion, 79 
Fermentation samples were diluted in buffer }:iosphate 


pH 7.0 before transferring to the disc. 

Spectrophotometric determinations of the :ntibiotic 
complex were made by filtering a sample of th 
tation broth lowering the pH to 2.5 with HC 


fermen. 
and ex- 
tracting with equal volume of ethyl acetate. 
Readings were carried out in a Beckman® spectro. 
photometer between 380 and 460 mu. A typical! curve of 
the antibiotic complex is given in Fig. 1. Two peaks ean 
be observed at 420 my and 460 my, corresponding chiefly 
to fraction B and fractions C and D of the complex, 
respectively. No quantitative data about the occurrence 
of each fraction in the fermentation samples could be 
obtained. However, fractions C and D ean be further 
distinguished by shaking the organic extract with 4 


’ Beckman Instruments, Inc., Fullerton, Calif. 





FIG. 3. Mycelium in seed medium (X 400) 
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ihe fractions C and D produces a more pronounced peak 


— i l., 1960) (Tig. 2) 
. j Sensi et al., 1960) (lig. 2). 
ar, lig: at 460 my (Sensi eta ig 
on, 7.0. Production of Rifomycin Complex 
tosphate [The rifomycin complex-producing strain was first 


gown On a corn steep liquor-containing medium (see 
utibiotic  pove). Yields under these conditions were usually very 
fermen. low, changing very much with the batch of corn steep 
and ex. jiquor employed. By omitting corn steep liquor and in- 
creasing the ammonium sulfate concentration to 7.0 
Spectro. By liter (medium: ASS) better yields were obtained 
curve of (Table 1). 
Attempts to supplement the ASS medium with com- 
ng chiefly plex organic materials such as yeast extract, peptones, 


eaks can 


complex, § grain extracts, peanut meal, etc., gave negative results. 
“currence | Contrary to what happened in the corn steep medium, 
could be | the mycelium in the ASS medium assumed a very char- 


© further acteristic microscopical aspect. Long and_ flexuous 





t with q |lyphae present in the seed medium broke up completely 
into very short (4 to 7 uw) rodlike units with nocardia- 
like appearance (Fig. 3 and 4). 
Data on a typical fermentation of S. mediterranez in 
ASS medium are reported in lig. 5. 
j 











F1G. 4. Mycelium in ammonium sulfate medium (1,000) 
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Larger quantities of rifomycin complex were prepared 
in 1,000-liter pilot plant fermentors. The procedure for 
this fermentation was largely similar to that followed in 
the laboratory. Maximal yields were obtained after 48 
to 56 hr. The fermentation broth usually assumed a pink 
to reddish color with a faint but definite odor of roses. 
Yields under these conditions were similar to those ob- 
tained in the laboratory and were sometimes rather in- 
constant. Deviations from the characteristic pH curve 
(Fig. 5) of the normal fermentation were also observed 
in some cases, with a sudden pH rise after 40 to 42 hr 
and very low yields of the antibiotic. Sometimes com- 
plete lysis of mycelium would occur after 30 to 35 hr of 
fermentation, for which actinophage activity cannot be 
excluded (Margalith and Beretta, 1960). 

Strain Selection 

Various mutagenic agents have been employed in the 
treatment of S. mediterranez in the hope of finding more 
constant and higher yielding strains. Over 3,000 isolates 
were cultivated in shake flasks but no substantial im- 
provement over the parent strain could be secured. It 
was the main purpose of this screening program, how- 
ever, to obtain one or several strains that would produce 
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only, or predominantly, fractions C and D of the com- 
plex (Emax at 460 my). Further work on strain selection 
was, therefore, controlled both by microbiological assay 
as well as by spectrophotometric analysis. One of the 
strains (ME/83/973) isolated after treatment with 
manganese chloride (15 mg/ml; duration 16 hr; mor- 
tality 55%) revealed, in the fermentation broth, a 
spectrum considerably different from that obtained 
from the original strain, showing a significant increase 
in the extinction at 460 mu, characteristic for fractions 
C and D of rifomycin complex. This difference was more 
pronounced by comparing the spectrophotometric 
curve with that of a sample oxidized with ferricyanide 
(see Fig. 1, 2). Strain ME/83/973 was, therefore, em- 
ployed for further work. 


CONCLUSION 
S. mediterranet has been employed for the production 
of rifomycin complex, consisting of at least five different 
antibiotic substances as revealed by biochromatog- 
raphy. The heterogeneity of the antibiotic principles pro- 
duced by fermentation procedures made it very difficult 
to perform fermentation work with standard results. 
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ABSTRACT 
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Marcauira, P. (Lepetit S.p.A., Milan, Italy), AND 
i. Pagani. Rifomycin. XIV. Production of rifomycin 
B. Appl. Microbiol. 9:325-334. 1961.—The production 
of a fraction of the rifomycin complex (rifomycin B) 
by Streptomyces mediterranet has been described. Both 
qualitative and quantitative aspects of the fermentation 
are determined by suitable agitation-aeration param- 
eters. In addition to conventional nutrient ingredi- 
ents, the presence of some of the barbituric acid 
derivatives was found to be essential for rifomycin B 
production. An attempt was made to explain the mode 
of action of these compounds. 





In the foregoing papers of this series the biological 
characteristics of Streptomyces mediterranet and the 
production of rifomycin complex (a mixture of at least 
five different antibiotic principles) were described 
(Margalith and Beretta, 1960; Margalith and Pagani, 
1961). It has been pointed out that for various reasons 
the production of the complex met with great difficulty 
both on laboratory and pilot plant scale. 

Attempts to isolate strains of S. mediterranei that 
would produce more abundantly one of the fractions of 
} the complex were relatively successful, insofar as the 
prevalent production of fractions C and D could be 
promoted. In this paper the fermentation of S. mediter- 





t 


\ 


i 





ranei for the sole production of fraction B of the com- 


| plex (rifomycin B) will be described. 


MATERIALS AND METHODS 
Materials. All synthetic compounds employed in 
this research were of commercial origin. 
Fermentation. Essentially the same procedure for 


} inoculum and vegetative growth were employed as for 
) the production of rifomycin complex (Margalith and 


' Pagani, 1961). The main modifications were in the 
composition of the media. 
Mycelial growth. Samples of 10-ml mash were cen- 
trifuged at 3,000 rev/min for 10 min and the volume 
of mycelium was determined. Growth is expressed as 


) percentage of mycelial volume (pmv). 
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Antibiotic activity. Unless stated otherwise, rifomycin 
B assays were carried out spectrophotometrically since 
the presence of small amounts of other fractions of the 
complex with different antibiotic activities made the 
microbiological assay difficult in interpretation. The 
spectrophotometric method for the assay of rifomycin 
B in fermentation broths has been described by Gallo, 
Sensi, and Radaelli (1960). Furthermore, uniformity 
in rifomycin production was established by observing 
the extinction curve of the ethyl acetate extract when 
oxidized by shaking with a potassium ferricyanide 
solution. The appearance of a shoulder peak at 460 my 
was considered as indication for the presence of frac- 
tions C and D (Sensi, Greco, and Ballotta, 1960). 

Use of chemically defined stimulating substances. 
Strain selection of the rifomycin complex-producing 
streptomyces resulted in the isolation of a strain that 
produced fractions C and D in prevalent amounts. This 
made us believe that on further screening a strain that 
would synthetize predominantly one of the other 
components of the complex would be eventually iso- 


TABLE 1. Composition of media and rifomycin B yields 


Nutrient ingredients (g/1,000 ml) ASS/6* ASS/7 ASS/8 
Glucose 50 70 70 
Soya bean meal 5 15 5 
Phaseolus beanst (Varese 20 
type) 
(NH,4)2SO, 7 3 7 
MgSO,-7H2O 1 1 1 
KH»PO, 3 2 2 
CaCO; 9 6 6 
Diethylbarbiturate 2 2 2 
CuSO,4-5H2O 0.0033 0.0033 0.0033 
FeSO,-7H2O 0.010 0.010 0.010 
ZnSO ,-7H2O 0.050 0.050 0.050 


MnS0O,-4H2O 0.004 0.004 0.004 
CoCl,-6H2O = 0.002 0.002 
(NH,4)2MoO, = 0.001 0.001 


Avg rifomycin B potency 200-250 400-450 650-800 

obtained (ug/ml) 

pH was adjusted to 7.0 with 40% NaOH. Sterilization 30 
min at 121 C. 

* Medium ASS/4 like ASS/6 but without barbital. 

+ Phaseolus beans were cooked for 30 min before addition 
to medium. 
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lated. Our interest in fraction B became more inquisite 
after the extraction, purification, and crystallization of 
this component was achieved (Sensi et al., 1960). How- 
ever, the screening of 3,000 isolates after various 
mutagenic treatments revealed only rifomycin com- 
plex-producing strains similar to the parent culture. 
Therefore, further studies were carried out to find a 
substance or precursor which would change the relative 
composition of the antibiotic complex. Chemically 
defined substances as well as complex organic materials 
from plant and animal sources were tested in the 
fermentation medium. Only in one case a striking 
difference in the spectrum 


(between wavelengths 
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characteristic spectrophotometric curve of ‘he ethy| 
acetate extract is given in I ig. 1. 
It is evident from Fig. 2 and Table 2 t|! 





it, in the 
presence of barbital, most if not all the antibioti 
produced by S. mediterranet is rifomycin B. It j 


particularly interesting to note that the mic: biologica| 
activity of the fermentation broth in the presence 9 
barbital is inversely proportional to the concentratig) 
of the barbiturate. The absolute amount of rifomyciy 
B produced in the mash increases up to a concentratio) 
of 0.2%. This fact can be explained by the lowe, 
microbiological activity of rifomycin B with respect ty 
the other fractions of the complex as tested in thy 
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FIG. 1. Spectrum of rifomycin B in ethyl acetate as obtained by fermentation in presence of barbital. (1) No barbital; X2 dilution FI 
(2) No barbital oxidized form; X2 dilution. (3) With barbital; X5 dilution. (4) With barbital, oxidized form; X6 dilution. 
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In presence of the barbital, fermentation broth as- 
sumed : pinkish to reddish color, while in its absence 
the broth appeared grayish to yellow. 

Various media were tried in the final stage of the 
frmentation to improve yields. Medium ASS/7 and 
particularly medium ASS/8 gave the best results both 
in laboratory plant fermentations. For 
composition of these media see Table 1. Table 3 and 


and pilot 
Fig. 3 show the production of rifomycin B in com- 
parison to the medium without barbital. Semiquantita- 
tive data on rifomycin B in the fermentation broth 
were obtained by extraction of the mash with ethyl 
acetate at pH 2.5; reextracting rifomycin B into phos- 
phate buffer (3°; pH 7.3) leaving the nonacidic 
principles of the rifomycin complex behind. See also 


biochromatogram in Fig. 3. 


In the next series of studies various analogues of 


barbital or substances containing similar functional 


Cin 
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groups were screened for their activity as rifomycin B 
stimulators. These results are summarized in Table 4. 

A second series of screening for higher yielding 
rifomycin B strains was carried out. Various mutagenic 
agents such as ultraviolet irradiation, treatment with 
mustard gas or manganese chloride, as well as the 
selection of natural variants, were employed. The 
strains isolated after these treatments were inoculated 
in shake flasks (500 ml with 1 baffle) containing 100 
ml of ASS/6 medium and grown for 48 hr at 28 C under 
continuous reciprocate agitation (100 strokes/min). 
Five milliliters from each flask were then inoculated 
into other shake flasks containing 100 ml of the fer- 
mentation medium and grown for 72 hr at 28 C on a 
rotary shaker (200 rev/min, 80 mm amplitude). 

The spectra, obtained from the ethyl acetate extracts 
of the mash prepared under these conditions, were 
significantly different from those obtained in laboratory 
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fermentors. Antibiotic titers were most variable. The 
extinction curves had the tendency of becoming more 
and more pointed and in some of the cases a very 
characteristic peak with maximal extinction at 410 my 
(see Fig. 4) was observed. To investigate the possi- 
bility that these differences were due to the different 
behavior of mutated strains, isolates that produced a 
pronounced pointed curve were repeatedly fermented 
in shake flasks. Of the five isolates fermented, only one 
isolate showed the same spectrum as observed in the 
fermentors. Not being able to explain this behavior on 
genetical grounds, the variability in the spectrum was 
therefore suspected to be due to uncontrollable differ- 
ences in the conditions of shake flask fermentations. In 
an attempt to confirm this hypothesis, experiments 
were set up under different conditions, affecting agita- 
tion and aeration, to determine their influence on the 
nature of the spectrum. The results of these experi- 
ments are summarized in Table 5. 

It is evident from Table 5 that the production of 
rifomycin B is extremely sensitive to the agitation- 
aeration conditions of the fermenting unit. Not only 
the type of spectrum obtained, but also the amount of 
rifomycin B produced, as judged from the extinction at 
410 to 420 mu, are pronouncedly affected by aeration. 
The fact that under reduced aeration conditions the 
characteristically pointed curve was obtained induced 
us to attempt a fermentation on similar lines to isolate 
the substance responsible for this characteristic spec- 
trum. A 20-liter glass fermentor with 10 liters of ASS/6 
medium was set up, reducing the agitation to 300 
rev/min (instead of 800 rev/min in the usual runs) and 
an aeration of 0.8 v:v:min. After 48 hr the charac- 
teristically pointed curve, identical with the spectra 
from shake flasks, was obtained. The fermentation mash 
was extracted in the same manner as for rifomycin B. 


TABLE 2. Effect of Na-diethylbarbiturate on the formation of 
rifomycin B 


Microbio- 


= ee c Maximal 
ee | ee | eee Remark 
(ug/ml)* (mp) 

Control 240 460; 420 Rifomycin complex 
0.01 190 460; 420 Rifomycin complex 
0.03 165 460; 420 Rifomycin complex 
0.05 140 460; 420 Rifomycin complex 
0.10 105 460; 420 Rifomycin complex 
0.20 70 ; 420 Rifomyein only 
0.30 50 -; 420 Rifomycin only 
0.50 50 -; Rifomycin only 


420 


* Activity as compared to a sample of fractions C-D stan- 
dard preparation. 

Fermentations were run in 10-liter glass fermentors with 4 
liters of ASS/4 medium (see Table 1); 800 rev/min; 1.5 v:v:min 
aeration. 

Sampling and determination of antibiotic activity were per- 
formed after 48 hr. 
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The crude product revealed the same pointed +, -ctrum, 
However, when submitted to the micro! logical 
assay, no antibacterial activity could be demo: strated. 
Therefore, fermentations with reduced aeratio,. had to 
be abandoned. The effect of aeration on rifo:ryein B 


production is illustrated in Table 6. 

Further screening for higher rifomycin B-yielding 
mutants was carried out by fermenting strains in shake 
flasks with reduced volume of medium (35 mj 500 m| 
flask), thus assuring better and more constant yields of 
the control flasks. Under these conditions, only normal 
spectra of rifomycin B were obtained. Data concerning 
the metabolism S. mediterranei in three fermentation 
media are reported in Fig. 5. 


DIscussION 


As reported in the Materials and Methods section, 
when certain substances of the general formula 


R CO—NH 
wed Wee B 
C5 2CO 
ae ae oa 
R CO NH 


are present in the culture media, a shift toward the 
production of fraction B of rifomycins takes place. 
This is most clearly achieved in the presence of sodium 
diethylbarbiturate, when practically all the antibiotic 
produced is rifomycin B. 

The complete disappearance of fraction C and D 
and the simultaneous increase of fraction B during the 

TABLE 3. Rifomycin B production in ASS/8 and control 
medium 


Control 0.2% Barbital 


Phosphate Total ethyl 


Total ethyl Phosphate 
Ace acetate extract; | buffer (pH 7.3); | acetate extract; | buffer (pH 7.3 
maximal maximal maximal maximal 


extinction at: extinction at extinction at extinction at 


410 my |460 my* |425 myf | 460 my} 410 my | 460 my 425 myt | 460 mp 
hr 
36 1.87 | 1.70 | 0.96 2.75 . 3.05 
42 2.40 | 1.90 | 1.55 4.00 - 4.80 
48 3.40 | 2.50 | 2.45 4.70 6.40 
54 4.00 | 2.30 | 2.60 5.30 7.00 
60 3.20 — | 3.40 6.00 8.30 
72 4.60 - 3.30 6.20 7.20 
96 4.80 3.30 7.00 | 0.20 
120 4.70 3.90 7.00 7.80 


* Maximum corresponding to fractions C and D of the 
complex. 

+ Maximal extinction mostly due to back ground absorp 
tion; spectrophotometric curve not characteristic of rifomycin 
B. 

t Extinction coefficient of rifomycin B in phosphate bufier 
pH 7.3 is somewhat higher than in ethyl acetate; whereas 
maximum is shifted from 410 to 425 mug. 

Remarks: Note disappearance of fractions C and D from 
control medium after 54 hr due probably to demolition on 
prolonged fermentation. 
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fermentation can be seen from the biochromatogram 
in Fig. 3. Interestingly enough another fraction (IF) 
with an Rr of about 0.9 appeared in small amounts. 
It is likely that this spot is due to the “activation” of 
rifomycin B (Sensi, Timbal, and Maffii, 1960). 

As can be seen from Table 4, none of the moieties of 
diethylbarbituric acid, such as urea, malonamide, 
diethylmalonic acid, or even barbituric acid, behaves 
in a similar manner. However, the substitution in 
position 5 of the barbiturate is not limited to the 
diethyl analogue. 5-Ethyl-5-methylbarbiturate 
practically the same effect. 5-Phenyl-5-ethylbarbitu- 
rate, although greatly stimulating the biosynthesis of 
rifomycin B, does not prevent completely some forma- 
fractions C and D. 5-Ethyl-5-isopropylbar- 
biturate, although the of 
rifomycin B, should be regarded as a poor stimulator 
insofar as only low titers could be obtained. On the 
other hand, 5,5-dimethylbarbiturate promotes the 
formation of all fractions of the complex, also yielding 
good titers of fractions C and D. Pyrimidines and 
purines were found to be ineffective. It is interesting 
to note that rather recently studies on the use of 


has 


tion of 


promoting biosynthesis 


barbiturates in the fermentation media, for the pro- 
duction of streptomycin or other antibiotics, have been 
carried out (Ferguson, Huang, and Davisson, 1957; 
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Herold, 1959). Ferguson et al. (1957), in fermenting 
S. griseus in a synthetic medium in the presence of vari- 
ous barbiturates (10 to 30 X 10-* M), observed a sharp 
increase in streptomycin production of about 3 to 4.5 
times the control activity. Barbiturates were considered 
to be one of the synthetic ‘activity factors” suggested 
by Waksman, Schatz, and Reilly (1946) as being neces- 
sary for mycelial metabolism so as to reach the same 
levels of antibiotic production as obtained in complete 
organic media. Since streptomycin fermentation pre- 
sents a distinct biphasic pattern in growth and _ pro- 
duction, and since the presence of barbiturates during 
the growth phase was obligatory, the authors ex- 
clude the possibility that these substances serve as 
precursors or coenzymes but attribute the activity to 
the induction of the antibiotic producing enzymesystem. 
Further, Ferguson et al. (1957) state that, for optimal 
activity, there are two requirements: (i) the barbiturice 
acid nucleus and (ii) the disubstitution of alkyl groups in 
position 5 of C., C. or C, and C; as optimal range. 
However, both diethylmalondiamide and £-ethyl-6- 
methylglutarimide gave similar, yet somewhat lower 
activity. No activity was found with 5-phenyl-5- 
ethylbarbiturate. No correlation between hypnotic 
action of the barbiturates and streptomycin production 
of these compounds could be demonstrated. 
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FIG. 3. Biochromatogram of rifomycin production in ASS/8 and control medium 















































TABLE 4. Effect of barbiturates and analogues on rifomycin B production* 


Ethyl acetate extract; 





Optimal maximal extinction at: Phosphate 
Compound Formula ‘wed ae Remar! 
(g/liter) — 460 mp 425 mp 
ot — = = Co 
Control 1.95 1.78 No maxima | Rifomycin B 
Urea NH, 0.8 1.30 1.00 No maxima Diallylbai 
CO acid 
NH: 
NiSentn natd COOH 2.0 No maxima - = Nitroba 
CH, acid 
COOH 
Malonamide CONH: 2.0 1.70 1.55 No maxima . Aminot 
j-Aminob 
CH. acid 
CONH: 
Diethylmalonic C2Hs. COOH 2.0 No maxima — Thiobarb 
acid 
acic C 
C,H; COOH 
Barbituric acid CH—NH 4.0 3.2 Shoulder | No maxima Diethylat 
CH: CO ethanol 
‘CO—NH * All t 
rotary sh 
Dimethylbarbituric CH; CO—NH 2.0 2.60 1.97 No maxima | Abundant formation 
acid ‘0’ ‘co : fractions C and The e 
CH; CO—NH isa dif 
does not 
Ethylmethylbarbi- C,H; CO—NH 2.0 3.07 — 2.82 Rifomycin’B cin B foi 
turic acid CO’ co myceliu! 
= } bital is | 
CH; CO—NH Nee 
of fracti 
Diethylbarbituric C.H; CO—NH 2.0 3.20 _ | 3.32 Rifomycin B plex, ors 
acid : ‘ 
AWC Cc co | In an 
/ ferment 
C.H; CO—NH hypothe 
Phenylethylbarbi- C.H; CO—NH 0.5 2.60 Shoulder 2.15 Predominantly _ rifo A) Bi 
turic acid ; mycin B strict. se 
C co , ee 
riiomye 
C:H; CO—NH B) B 
: : at inhibit 
Ethylisopropylbar- C.H; CO—NH 2.0 0.51 -- 0.53 Rifomycin B : , 
ile biosynt 
biturie acid : r ee 
( CO formati 
(CH;)2CH CO—NH synthes 
of S. m 
Ethylisoamylbarbi C.H; CO—NH 2.0 0.18 No maxima desired 
turic acid oa 
ici¢ Cc CC ) | he 
(CH;),CH(CH2)» CO—NH | lavor t 
adaptat 
Dipropylbarbituric C;H; CO—NH 1.0 1.15 0.93 No maxima mvcelii 
acid C CO barbits 
2 tion © 
C;H,; CO NH 10n I 
produc 
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Compound Formula 


Diallylbarbituri¢e CH.:CHCH: CO—NH 
acid Cc CO 
CH,:CHCH, ‘CO—NH 
3.Nitrobarbituric CO—NH 
anid NO.—CH “co 
CO—NH 
5-Aminobarbituric CO—NH 
aa NH.—CH ‘co 
‘CO—NH 
Thiobarbiturie acid CO—NH 
CH, cs 
CO—NH’ 


Diethylamino- 
ethanol 


(C2H;)2NCH2CH:,OH 


rotary shaker for 72 hr at 28 C. 


The effect of barbiturates on rifomycin B production 
isa different case. The fermentation of rifomycin B 
does not show a distinct biphasic pattern; most rifomy- 
cin B formation is taking place during the growth of the 
mycelium or immediately thereafter (see Fig. 5). Bar- 
hital is necessary for the suppression of the production 
of fractions C and D during the fermentation in a com- 
plex, organic media. 

In an attempt to explain the effect of barbital on the 
fermentation of rifomycin B we come into two 
hypotheses: 

A) Barbital can be a precursor of the antibiotic in a 
strict sense, i.e., barbital may constitute part of the 
rifomycin B molecule. 

B) Barbital can play the role of an activator or 
inhibitor of certain enzymic systems. By shifting the 
hiosynthetie pathways (metabolic shunt) from the 
formation of the whole rifomycin complex to the bio- 
synthesis of rifomycin B only, all the antibiotic potential 
of S. mediterranei is exploited for the production of the 
desired fraction. 

The facts accounted for in the experimental part 
favor to some extent the latter hypothesis. The pre- 
adaptation of S. mediterranei by growing the vegetative 
mycelium in the presence of a high concentration of 
barbital (up to 0.5% w/v) did not result in the induec- 
tion of the enzymic system responsible for the sole 
production of rifomycin B. Further, mycelium sampled 





* All test were carried out on pooled samples of 5 X 35 ml. 
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TABLE 4. Continued 


Ethyl acetate extract; 


tony maximal extinction at: Phosphate buffer; 

fat re maximal extinc- Remarks 
(g/liter) 405-420 ia tion at 425 mu 

mu U0 My 
2.0 0.56 0.32 0.49 (at 400 
my) 

1.0 2.15 1.70 No maxima 

2.0 1.15 0.85 No maxima 

2.0 2.12 1.40 No maxima 

4.0 1.55 1.35 No maxima 
ASS/8 medium in shake flasks of 500 ml. Growth took place on a 





at different time intervals from a fermentor containing 
ASS/8 medium, washed three in buffer 
eliminate both nutrient ingredients as well as barbital, 
suspended in equal amounts of phosphate buffer 
(m/15, pH 6.8), and shaken for 24 hr at 28 C would 
again produce the whole rifomycin complex (with 
maxima at 420 and 460 my). This appears to exclude 
the possibility of an adaptive nature of the system. 
When adding barbital to the fermentor after growth 
has taken place for 48 hr no shifting of the spectrum 
(rifomycin B production) would occur. This might be 
due to the absence of the stimulating compound in the 
critical period of enzyme formation preceding that of 


times to 


rifomycin B production, which under normal conditions 
continues up to 72 to 96 hr. This would imply that 
barbital induces a shift in the synthesis of the enzyme 
system, being without effect after the antibiotic-forming 
system has already been established. However, these re- 
sults stand in contrast with those obtained from pre- 
viously mentioned experiments. Therefore, it is possible 
that the presence of barbital is obligatory during all the 
period of rifomycin B production, thus suppressing the 
formation of fractions C and D. The question whether 
barbital is metabolized during rifomycin B production 
is still open, since attempts to follow the consumption 
of barbiturate failed due to analytical difficulties. There 
appears to be an optimal concentration of barbital for 
rifomycin B production (Fig. 2). It can be seen that 
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FIG. 4. Spectra obtained from Streptomyces mediterranei shake flask fermentation (ethyl acetate extract); 100 ml medium ( 
ml medium; X86 dilution (——). 


TABLE 6. Effect of aeration on rifomycin B production* 
TABLE 5. Effect of physical variants on rifomycin B production* 


Mycelial 
Air flow (v/v) Time (hr) pH growth (% E410 120mg 
Vol of | Maximal volume) 
Type of vessel —— eg Remarks 
; i 0.5 48 6.0 30 3.60 
72 6.0 25 4.25 
1-baffled, 500-ml shake 25 4.30 Rifomycin B 96 6.0 20 1.55 
flask 30 2.4 Rifomycin B 
75 0.52 “Pointed spec- 1.0 48 6.0 30 3.70 
trum”’} 72 6.0 30 1.50 
100 0.25 No maxima 96 6.0 28 4.65 
200 0.56 No maxima 
1.5 48 6.0 30 3.65 
3-baffled, 500-ml shake 100 0.50 Rifomycin B 72 6.0 30 5.30 
flask 96 6.0 30 5.80 
Test tubes, 185 by 16 10 0.68 (Slightly ‘pointed 2.0 48 6.0 30 4.05 
mm spectrum”’ 72 6.0 30 7.0 
96 6.0 30 8.5 
* Five per cent inoculum of 24-hr growth in seed medium. 
Fermentation in ASS/7 medium for 72 hr at 28 C. on a rotary 2.5 48 6.0 30 4.80 
shaker (200 rev/min), except for test tubes which were 72 6.0 35 7.60 
agitated on a reciprocal shaker. Broth from small samples 96 6.0 40 9.40 


(<75 ml) were pooled before extraction. 
7 See text for explanation. 





* Fermentation medium ASS/8; agitation 800 rev/min 
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ver 0.2°¢ no better results could be obtained. At 
5% a negative effect can be observed. 

These results are in agreement with those of Ferguson 
ot al. (1957). At higher concentrations, the spectro- 
photometric curve appears to resemble more the one 
obtained under unfavorable conditions of aeration. It 
is interesting to note that the optimal concentration is 
independent of the medium employed, it being identical 
under the conditions that permit the production of 
0 to 300 ug/ml or 600 to 800 ug/ml. This is another 
indication for the existence of a regulative mechanism 
of the enzyme system. 

No doubt the addition of barbiturates, per se, has a 
upon S. mediterranet. Mycelial 
growth in fermentation media without these compounds 


certain toxic effect 


is about 20 to 25% more abundant in comparison to 
the barbiturate-containing media. The presence of 
02% barbital reveals a certain inhibition in colonial 
No significant differences 
could be noted in the metabolism of carbohydrates, 
nitrogen, or phosphorus as compared to the control 
medium. The effect of barbiturates in suppressing the 
formation of fractions C and D appears to be that of a 
mild inhibitor. Coming back to the observations made 


‘ 


Phy Ferguson et al. (1957) it is possible to explain the 


formation of rifomycin B by a so-called ‘‘dual effect” 
of barbiturates. As in streptomycin production, all 
},5-disubstituted barbiturates (with certain restrictions 
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as to the nature of the derivative), including dimethy]- 
barbiturate and possibly also the phenylethyl analogue, 
stimulate the total biosynthesis of the antibiotic frac- 
tions. However, only a limited number of analogues, 
with at least one ethyl group in position 5, will promote 
the production of rifomycin B. Phenyl ethyl barbiturate 
occupies an intermediate position, i.e., as general 
stimulator and to a certain extent that of a rifomycin 
B promoter. This can be considered as another indica- 
tion for the ‘dual effect” of certain barbiturates on 
rifomycin B production. 

It has been shown that rifomycin B production is not 
due to the action of an inductive enzyme system but 
rather to a “metabolic shunt.” In agreement with the 
data of Ferguson et al. (1957), barbiturates have a 
general stimulating effect on the various antibiotic 
principles. Of these, however, only 5-methyl-5-ethyl- 
and 5,5-diethylbarbiturate promote the production of 
only one fraction, i.e., rifomycin B, while simultane- 
ously suppressing the other antibiotic components. 
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ABSTRACT 


KRAMER, JULIAN (ood and Drug Administration, 
Washington, D. C.), anp Amret Kirsupavco. Effect of 
paper on the performance assay in the control of anti- 
biotic sensitivity discs. Appl. Microbiol. 9:334-336. 
1961. 
several batches of papers meeting Food and Drug 
Administration specifications. The analysis of 1,152 


Antibiotic discs were prepared, using several 


zones of inhibition produced showed no performance 
differences these batches. Other discs were 
prepared using papers of different grades. These pro- 
duced large differences in performance. It is obvious, 
therefore, that the use of a specified dise paper is neces- 


among 


sary for standardizing the performances of the products 
of various manufacturers and that reproducible results 
can be attained with the grade of paper specified. 





The characteristics of the paper used are an 
important consideration in the manufacture of sen- 
sitivity discs. Because of the use of paper as matrix in 
this product, these characteristics rank highly as 
potential sources of variation in the performance of 
dises. The various manufacturers have selected papers 
suitable to the requirements for their final products. 
The specifications of these papers vary somewhat as 
to weight, thickness, and absorbability of water. For 
this very reason, paper must play a major role in the 
standardization of dises. The proposed regulations of 
the Food and Drug Administration (FDA) for the 
assay of dises (Anonymous, 1960) specify the paper to 
be used for the preparation of the control dises. This 
present work was undertaken to answer questions 





raised about the reproducibility of results that can be 
obtained with different commercial batches of paper 
of the specified grade. In this publication ‘different 













batches” refer to paper of the same specifications but 
manufactured at different times, whereas “‘different 
refer to papers with different specifications 

The Food and Drug Administration specifies that 
the blank discs used in the control of commercial diss 
“be !4 inch in diameter, of paper weighing approv:- 
mately 30 mg per square centimeter that will absor)) 
approximately 3 times its weight of distilled water.” 

Ostrander and Griffith (1959) used an exquisitely 
sensitive indicator organism in a study of the effects 
of 16 different papers used to make penicillin discs 
With this sensitive organism, two units of penicillin 


, 


grades’ 


is in the upper range of concentrations where further 
increases of concentration produce no further respons 
This study indicated that unless some other agents 
such as certain dyes, were present, the paper used mat 
no difference in the performance of the disc. 

In our study the organisms used were those desig 
nated in the FDA proposed regulations.! Each of thes 
organisms was originally selected because its sensitivil) 
is such that an essentially linear response is obtained 
to the concentrations of antibiotics used. The study was 
made in two parts so that these questions might be 
answered: (i) Is there any difference in performance 
among discs made with different commercial batche: 
of paper meeting Food and Drug specifications, ant 
(ii) are there performance differences among dist 
made with papers that do not meet these specifications: 

‘The organism used for polymyxin was Bordetella bro 
chiseptica. 
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METHODS AND MATERIALS 
Part 1 

Dises were prepared as described by Kirshbaum, 
Kramer, and Arret (1960) with each of four different 
hatches of paper, covering 2 years of manufacture, 
meeting IDA specifications. They were made to con- 
tain penicillin G, 2 and 10 units; polymyxin, 50 and 300 
nits; chlortetracycline, 5 and 30 wg; and dihydrostrep- 
tomvein, 2 and 19 wg, respectively. Plates were prepared 
aS described by Kirshbaum et al. (1960) for the control 
of dises containing these antibiotics. Three discs per 


F oncentration for each batch were placed in each of the 


six plates in two daily trials. Thus, for each antibiotic 


Pooncentration there were 36 replicates per batch of 


paper. In all, 1,152 zones of inhibition were obtained 
for analysis. 
Part 2 
Three different paper grades were used; one met 
FDA specifications, the other two were punched to 
|, in. diameter from Whatman no. | filter paper and 


‘Whatman Seed Test paper, respectively. Whatman no. 


| filter paper weighs 8.8 mg per square centimeter and 
absorbs approximately two times iis weight in distilled 
water. The Seed Test paper weighs 113 mg per square 
centimeter and absorbs 1.25 times its weight. Each 
grade of paper was used to prepare dises containing 


TABLE 1. Average diameters (in mm) of zones of inhibition 
produced by discs made with different commercial batches of 
FDA specified paper 


Zones (mm) in paper batch: 


Antibiotic Concn per dis¢ 
1 2 3 4 
Chlortetracyeline 5 ug 19.6 | 19.8 | 19.7 | 20.0 
30 ug 23.0 | 22.9 | 22.6 | 22.7 
Dihydrostreptomycin 2 ug 13.0 | 138. 13.1 | 12.7 
10 ug 16.0 | 16. 15.9 | 16.3 


_ 
oo 
to 
_ 
io) 
i) 


1 
1 
Penicillin 2 units | 18.1 | 18.4 
10 units | 22.1 | 22.2 | 22.2 | 22. 
50 units | 17.0 | 17.2 
300 units | 20.7 | 20.8 


or 


bn 


Polymyxin 


LL) 
—) 
bo 
iin | 
an 


TABLE 2. Average diameters (in mm) of zones of inhibition 
produced by discs made with papers of different grades 


Zones (mm) in paper grade: 


Antibiotic Conen per disc sl a aii Ee Ps — 

| Control* Whatman Seed | Whatman 
est no. 1 
Chlortetra- | 5ug 19.0 14.3 20.5 

cycline 

Neomycin 5 ug 12.5 No zone 14.4 
Penicillin 2 units 17.1 10.0 18.8 
Polymyxin | 50 units 17.6 No zone 19.3 


*FDA specified paper. 
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penicillin G, 2 units; polymyxin, 50 units; chlortetra- 
cycline, 5 wg; or neomycin, 5 wg. These discs were then 
placed in their respective plates. 


RESULTS 
Part 1 


Table 1 summarizes the average diameters of the 


zones of inhibition produced by the various dises. The 
complete data were subjected to an analysis of variance 
so that the significances of any differences could be 
evaluated. The statistical analysis shows no batch to 





FIG. 1. In this plate the papers are, from left to right, in 
duplicate: Control, Whatman Seed Test, and Whatman no. 1 
filter paper. Each dise contains 2 units of penicillin. The or- 
ganism is a standardized Staphylococcus aureus. 





FIG. 2. In this plate the paper arrangement is the same as in 
Fig. 1. Each dise contains 6 yg of chlortetracycline. The organism 


is Sarcina lutea. 
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batch differences in paper for any antibiotic or all 
antibiotics combined at a probability level of P = 0.05. 


Part 2 

Table 2 summarizes the results of these trials. Even 
without analysis the performance differences are 
obvious. The Seed Test paper gave significantly smaller 
zones with chlortetracycline and penicillin, and no zones 
with neomycin or polymyxin. Whatman no. 1 paper 
gave significantly larger zones than the paper meeting 
FDA specifications. Figures | and 2 illustrate these per- 
formances. 


Discussion 

The question has been raised as to just how repro- 
ducible are results obtained with control discs made 
from different commercial batches of paper of the 
grade specified by the Food and Drug Administration. 
In view of the lack of significant batch to batch per- 
formance differences among four papers that meet 
these specifications, it is apparent that reproducible 
results can be obtained when such papers are used for 
the preparation of control discs. Further, in view of 
the large differences demonstrated among papers of 
different grades, it is most desirable that control discs 
be prepared from a given kind of paper, such as that 


J. KRAMER AND 


A. KIRSHBAUM VOL. 9 
specified. By eliminating the variation due t 
used in preparing control dises in the manufs 
laboratories, it is possible to have a standard «f com. 
parison which is reproducible from one labora‘ ory to 
another. Thus, in the clinical use of antibiotic discs one 
can be assured of similar results in testing clinical 
cultures, regardless of which manufacturer’s discs are 
used. 


papers 
turer’s 
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ABSTRACT 


Yamamoto, Ricuarp (University of California, 
Davis), WALTER W. SapLer, Henry E. ADLER, AND 
(gorGE F, Srewarr. Characterization of Clostridium 
perfringens (welchiz) isolated from market poultry. 
Appl. Microbiol. 9:337-342. 1961.—Strains of Clostrid- 
ium perfringens capable of producing heat-resistant 
spores, characteristic of the food-poisoning types, were 
not recovered in a random survey of feces and livers of 
market poultry. Favorable growth response with a 
known food-poisoning strain indicated that the media 
and methods employed were adequate. Spores produced 
in vitro from this strain survived at 100 C for several 
hours. Animal feeding experiments with this strain 
showed that heat-resistant spores (surviving for 1 hr 
at 100 C) could be readily demonstrated 24 hr after 
oral instillation of vegetative cells in mouse feces, but 
not in chicken feces. One experiment suggests that this 
strain might adapt to the environment of the intestinal 
tract of chickens, but not all of the spores recovered 
were as heat resistant as those of the parent culture. 

en 


Clostridium perfringens (welchit) was conclusively 
established as an etiological agent of food poisoning by 
Hobbs et al. (1953); MeClung (1945) had earlier 
assigned it this role in two such outbreaks in the United 
States. Work by Dische and Elek (1957) with human 
volunteers confirmed Hobbs’ findings that ingestion of 
cultures of this organism would produce food poisoning. 

Recent reports (McNicol and McKillop, 1958; 
National Office of Vital Statistics (NOVS), 1959) have 
implicated poultry products in three outbreaks as the 
source of a food-poisoning strain of C. perfringens, 
as had MeClungs much earlier report on two such 
outbreaks. Since routine laboratory procedures in 
investigating food poisonings do not detect this 
anaerobe and since the NOVS (1959) listed poultry 
products as the source of infection in 27% of the 
episodes of gastroenteritis of unknown etiology in 1958 

!'This work financed, in part, under basic memorandum of 
agreement 12-25-020-2276 between Agricultural Marketing 
Service and Regents of University of California. 

2 Present address: Department of Veterinary Medicine, 
Oregon State College, Corvalis, Ore. 


(Dauer and Davids, 1959), these reports take on added 
significance. Shapiro and Sarles (1949) examined the 
intestinal flora of normal fowl and reported the principal 
obligate anaerobe to be C. perfringens. Their finding 
that anaerobic agar plate counts paralleled the aerobic 
suggest that large numbers are present in the intestines. 

The study reported herein was conducted to char- 
acterize the strains of C. perfringens found in market 
poultry and to compare them with known food-poison- 
ing strains. 


MATERIALS AND METHODS 


Source, cultural, and serological characteristics. In a 
random sampling of market poultry for Salmonella 
(Sadler et al., 1961), 804 fecal and 1,819 liver samples 
were cultured for anaerobes. A loopful of feces was 
inoculated into Ellner’s sporulation medium (Ellner, 
1956), incubated 24 hr at 37 C, and heated 10 to 12 
min at 80 C. One milliliter was then subcultured to 
freshly prepared thioglycolate medium with resazurin 
(BBL) and incubated 24 hr at 37 C. Cultures showing 
gas formation and large gram-positive rods were 
streaked to blood agar (bovine or horse) and incubated 
under hydrogen at 37 C for 24 to 72 hr. Colonies sus- 
pected as C. perfringens-type were picked for Gram- 
stain examination and catalase reaction. To facilitate 
isolation, the plates were held overnight at room 
temperature. Aerobes that continue to grow under these 
conditions are recognized readily in subsequent ex- 
amination (Hobbs et al., 1953). The surface of the 
liver was seared with a hot spatula, and deep stab 
cultures were taken and placed in thioglycolate medium. 
Cultures showing gas formation and large gram-positive 
rods after 24 to 48 hr of incubation were streaked to 
blood agar for anaerobic incubation. Subsequent isola- 
tion was performed in a manner similar to that used 
with the fecal cultures. 

Strains of C. perfringens were isolated from the feces 
of 9.6% of the fryers, 16.4% of the adult fowl, and 
15.5% of the turkeys, and from the livers of four fryers 
and one fowl. On bovine blood agar all isolates produced 
the characteristic double zone of hemolysis; on horse 
blood agar a single zone of clear hemolysis was usual. 


3 Baltimore Biological Laboratory, Inc., Baltimore, Md. 
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The colonies were medium-sized, opaque, smooth, and 
ratalase negative. Smears of pure cultures stained by 
the Gram method showed large gram-positive rods with 
rounded ends. Shorter forms, almost oval, were pre- 
dominant upon continued subculture on artificial media. 
No spores were seen in preparations from thioglycollate 
or meat piece media. All of the isolates produced acid 
in sucrose, glucose, maltose, and lactose. Salicin was 
fermented by a few isolates. Nitrate was reduced, 
indole was not produced, gelatin was liquefied, and 
stormy fermentation occurred in iron milk. Toxin 
neutralization tests in mice with 11 isolates from 11 
separate samplings indicated that they were type A 
strains. Several isolates inoculated intravenously in 
mice produced hemoglobinurea and death, indicating 
the presence of a-toxin. 

Hobbs et al. (1953) listed several characteristics as 
useful criteria in classifying strains of C. perfringens 
as food-poisoning strains. They reported that food- 
poisoning strains are type A, produce heat-resistant 
spores, have recognizable somatic antigens, produce 
feeble toxins, and have nonhemolytic colonies. Reported 
of greatest significance was the characteristic of produc- 
ing spores that will withstand 100 C for 60 min. Eight 
distinct serological types were reported among the food- 
poisoning strains at that time. 

A slide aggulutination test was performed by the 
method of Hobbs et al. (1953). The somatic antigens 
prepared from the poultry isolates were tested against 
antisera prepared from 10 food-poisoning strains of 
C. perfringens. The type sera, provisional types 1 
through 10, were received through the courtesy of 
Dr. Hobbs. Of the cultures tested, 14.5% were ag- 
glutinated by one of the 10 sera. Serological typing is 
of value only from an epidemiological standpoint, as 
pointed out in earlier reports (Hobbs et al., 1953; 
Dische and Elek, 1957; and MeNicol and McKillop, 
1958). 

Heat resistance of spores. Sixty-three isolates were 
initially tested for the heat stability of their spores. 
One-milliliter amounts of actively growing cultures 
were subcultured to Ellner’s medium in triplicate. 
After 24-hr incubation at 37 C, spores were readily 
observed in all except eight isolates of fecal origin. 
One series of spore cultures was heated 10 min at 80 C, 
the second for 15 min at 100 C, and the third for 60 
min at 100 C. The cultures were then rapidly cooled 
and subcultured to thioglycolate medium, which was 
held 10 days for detection of growth. As a further check 
on viability, a representative number of cultures were 
plated to blood agar and incubated anaerobically. All 
cultures, including those that appeared negative by 
spore stain, survived heating for 10 min at 80 C, but 
none survived the more severe heat treatments. 

A study was conducted with three of the isolates 
to determine: (i) the extent of sporulation in Ellner’s 
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medium, (ii) the effect on spore heat stability 
longed incubation in Ellner’s medium, and 
protection during heating provided by differen: media, 
The oval tube method of Mossel et al. (1956) was used 
to enumerate vegetative inoculum and subsequeut spore 
harvest. Ellner’s medium, inoculated with a 6-hy culture 
of each strain, was harvested 42, 90, and 208 hr after 
incubation at 37 C. Ringers diluent (quarter strength) 
was used to suspend the spore harvest (Gibbs and 
Hirsch, 1956). Total counts were on unheated sys. 


of pro- 
ill) the 


pensions, and spore counts were on suspensions heated 
20 min at 75 C (Gibbs and Hirsch, 1956). Spore yield, 
10% from one strain and 40% from the other two, 
did not increase from the 42- to the 208-hr periods, 
One milliliter of spore suspension (adjusted to contain 
about 10’ spores per ml) from each interval was inoev- 
lated in duplicate in iron milk, meat piece medium and 
thioglycollate medium. The sets were heated at 100 (. 
one for 15 min and the other for 60 min. Spores so 
treated failed to survive, as determined by subsequent 
incubation at 37 C 

The next consideration was the possibility that 
another type of sporulation medium might yield spores 


of greater heat stability. An alkaline egg broth 
(Robertson, 1915) was chosen since Willis (1957) 


obtained favorable spore yields with this medium in 
his study of C. perfringens from a water supply. Further- 
more, he found that spores produced in this medium 
survived 100 C for at least 20 min. 

Spores produced in this medium from 19 isolates 
were tested for heat stability by the methods and media 
described. For comparison, spores produced in Ellner’s 
medium were also tested. The spore inocula from each 
source of harvest contained 10° to 10° spores. Heat- 
resistant spores again appeared absent; spores from 
either medium failed to survive even 15 min at 100 C. 


RESULTS 

The negative results of the first portion of the survey 
of market poultry for strains of C. perfringens that 
produced heat-resistant spores (failure to survive 
treatment of 100 C for 1 hr) were felt to be of equivocal 
significance. Earlier reports had stated (Hobbs et al., 
1953) that some strains produced heat-resistant spores 
in mammalian feces but lost this characteristic in 
artificial media. 
Therefore a series of 160 paired fecal samples was 
taken from 12 lots of turkeys, fowls, and fryers. One 
of each pair was cultured as described above, the other 
was inoculated into either meat piece or nutrient broth 
media (Hobbs et al., 1953) and immediately heated 
for 1 hr at 100 C. These cultures were then rapidly 
cooled, incubated 18 to 24 hr at 37 C (aerobically for 
the meat piece cultures and anaerobically for the 
nutrient broth cultures), and plated to blood agar for 
pure culture study as outlined above. The results are 
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presented in Table 1. Although 41 of the samples 
yielded vegetative cells or heat-labile spores, none 
vided spores that would withstand 100 C for 1 hr 
‘heat-resistant spores). 

Six of the isolates possessing somatic antigens 
common with Hobbs’ food-poisoning strains were fed 
19 G-week-old Webster strain mice, and attempts were 
made to recover heat-resistant spores from their feces 
after from 
these strains had not been demonstrated in the feces 


various intervals. Heat-resistant spores 
of birds or in vitro, but the possibility was considered 
that another living host might be conducive to the 
development of such spores. The mouse was chosen 
since it has been shown that heat-resistant spores can 
develop in the intestinal tract of this animal (Hobbs 
et al., 1953). Although 3 of the 6 serotypes were re- 
could not be demon- 
strated in the feces of mice, either 2 or 6 days after 


covered, heat-resistant spores 
feeding. 

Susceptibility to sodium azide. A report by Mossel 
et al. (1956) indicated that sodium azide added to the 
medium in a concentration of 0.02% selectively in- 
hibited the growth of strains of C. perfringens of the 
food-poisoning type. A quantitative comparison of 
growth in Mossel’s medium, with and without sodium 
azide, was made with inocula containing both vegeta- 
tive cells and spores of 19 strains. The growth of two 
were inhibited by this compound, but the inhibition 
was not complete: a narrow band of growth was 
observed near the surface of the tube. 

Comparison with C. perfringens strain Hobbs 8797. 
Failure to demonstrate heat-resistant C. perfringens 
from poultry feces or from subcultures of poultry 
isolates left unanswered the questior of the adequacy 
of culture media and methods employed. To help answer 
this question a strain of C. perfringens (8797) isolated 
from a food-poisoning outbreak was obtained from 
Dr. Hobbs for comparative studies. Dische and Elek 
(1957) had demonstrated that this strain was active 


in producing symptoms of food poisoning in human 


TABLE 1. Results of Clostridium perfringens isolation from feces 
by two methods of culture 


Culture method* 


Ellner’s medium 


Class No. lots |No samples! ,100 C 
examined heating 
for 1 hr; : 
no. No, ae 
positive | positive | ! 110+ 
Turkeys 7 110 0 28 10 
Fowl 3 30 0 10 5 
Fryers 2 20 0 3 l 
Total 12 160 0 41 16 


Refer to text for culture methods. 
t Number of those positive in Ellner’s medium that were 
serologically typed as being in Hobbs sera groups | to 10. 
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volunteers. A 24-hr culture on blood agar developed 
a very faint zone of hemolysis unlike those seen with 
the non-heat-resistant poultry isolates. 

Heat resistance studies were conducted using spores 
from strain 8797. These studies indicated that when 
strain 8797 spores were produced in akaline egg broth 
or Ellner’s medium: (i) as few as 5 of these spores sus- 
pended in meat piece medium survived heating for at 
least 1 hr at 100 C and (ii) some portion of an inoculum 
of 20,000 spores suspended in meat piece medium was 
viable after being heated for 5 hr at 100 C, the longest 
period tested. Quantitative studies indicated that the 
growth of this strain was completely inhibited in media 
with sodium azide (0.02%). 

Several feeding trials were conducted to determine 
the ability of a known food-poisoning strain (8797) to 
establish itself in the intestinal tract of poultry and 
produce heat-resistant spores in that environment. In 
several of the trials a poultry isolate, strain UU7, was 
fed to the control group. This strain produced no 
heat-resistant spores and produced distinct double 
zones of hemolysis on bovine blood agar, although 
sodium azide markedly inhibited its growth and the 
organism was agglutinated by antiserum to Hobbs’ 
serotype 5. No strain was isolated that was antigenically 
similar to 8797 (Hobbs’ serotype 1), which facilitated 
accurate identification of the isolates from experi- 
mental inoculates. 

Cultures of the two strains were grown for 18 hr 
in meat piece medium with glucose. For strain 8797, 
an aliquot of 1 ml containing 5 X 10° cells was admin- 
istered per os into each of two adult male White 
Leghorn chickens, and 0.2 to 0.5 ml (1 X 105 to 2.5 X 
10°) of the same culture was given by the same route 
to each of four Webster mice. Strain UU7 was inoculated 
similarly—in doses of 7 X 10° organisms into each of 
two chickens and 1.4 X 10° to 3.5 X 10° organisms 
into each of four mice. Spore counts indicated that 
fewer than 10 spores were present per ml of inoculum 
for each strain. Both the chickens and mice had previ- 
ously been demonstrated to be free of C. perfringens. 
Heat-resistant spores (cultures viable after heating 1 
hr at 100 C) were isolated from mouse feces taken at 
24 and 48 hr but not at 144 hr after feeding strain 
8797, whereas cultures of chicken feces were negative 
at each sampling. Neither mouse nor chicken feces 
from those fed strain UU7 yielded heat-resistant spores. 

In a second trial 14 chickens and 10 mice were inocu- 
lated with strain 8797. The inoculum consisted of a 
greater ratio of spores to vegetative cells in one group 
of chickens, the culture was placed in feed in another, 
and rectal administration of the culture was made in a 
third. Strain 8797 spores were not recovered from feces 
of birds from all groups taken 8, 24, or 48 hr after 
inoculation. The culture technique was also varied in 


=— 


attempts to recover the organism. Pooled feces taken 
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at various intervals and stored for 8 days in a refrigera- 
tor were cultured with negative results. Two birds from 
the group that received a high ratio of vegetative cells 
to spores, and two that received a low ratio, were 
killed at 24 hr, and various parts of the intestinal tract 
were cultured to determine whether localization of the 
organism had occurred. Material from the crop, pro- 
ventriculus, anterior and posterior portions of the 
duodenum, cecum, and large intestine were negative 
for both the vegetative and spore form of this organism. 
Cloacal swabs taken from the remaining birds at 48 hr 
failed to yield either form of strain 8797. Mouse feces 
yielded heat-resistant spores of 8797 at 8 and 24 hr, 
but not at 48 hr. 

Tests were made of the ability of strain 8797 to 
sporulate in chicken feces (10%) suspended in distilled 
water. Since the pH of fresh mouse feces was 7.8 and 
that of chicken feces was 7.0, the suspension was 


TABLE 2. Heat resistance of spores developed from Clostridium 
perfringens strain 8797 in natural enrichment cultures 


Heat resistance* 


Incuba-| Vegetative : 5 
Media coy . i tae - Sur- 
temp (inoculum ) as No. spores in |vival, 60 
the inoculum | min at 
100 C 
C 
Chicken 37 18 X 10° | 7.6 * 102 | 1.9 x 10? + 
feces, 42 18 X 107 | 2.4 X 10? | 6.0 X 10? + 
pH 7.0 
Chicken 37. «| 36 X «+107 | 4.0 K 104 | 1.0 * 10! + 
feces, 42 36 X 107 | 7.2 & 10! 1.8 xX 19 + 
pH 7.8 


* Spores harvested at 72 hr were inoculated in numbers as 
jndicated in meat piece medium for heat survival test. 
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divided in two aliquots, one adjusted to pH 7.0: nd one 
to pH 7.8. The larger particles were allowed 1. settle 
out, and the fluid was poured off, distributid into 
tubes, and autoclaved. The sterile medium was inocy. 
lated with a meat piece culture of strain 8797 i dupli- 
cates. The two series were incubated anaerobic lly for 
72 hr, one at 37 C and the other at 42 C. Suspensions 
from each culture prepared by centrifugatioi were 
counted for spores, and aliquots were inoculated jy 
duplicates into meat piece medium for heat studies. 
The results (Table 2) indicate that the spores that 
developed in chicken feces at pH 7.0 and 7.8 were 
heat resistant, regardless of temperature of incubation. 

It is apparent that the intestinal tract of the chicken 
did not actively support the development of. strain 
8797. One would have expected to recover the original 
inoculum from the voided feces, however, and, further. 
the experiments in vitro showed that chicken feces did 
not adversely affect sporulation. 

The samples were, perhaps, not taken early enough 
in these trials since the average time of passage of food 
through the intestinal tract of chickens is about 3 to 
4 hr (Hillerman et al., 1953). Furthermore, since vegeta- 
tive cells were originally inoculated, time for sporula- 
tion might have been insufficient. Experiments in vitro 
showed that heat-resistant spores from strain 8797 in 
Ellner’s medium develop in about 18 hr. Consequently, 
in a further study, feces voided at short intervals after 
inoculation were sampled. An oral dose of 3.5 x 10! 
vegetative cells was given to each of 5 chickens. The 
birds were divided into two groups, respectively, 3 and 
2 birds, and at each sampling period, feces were pooled 
from each group of birds. As a control, a similar dose 
of strain UU7 was fed to a similar number of birds. 


TABLE 3. Recovery of food poisoning Clostridium perfringens strain 8797 by various culture techniques from feces of chickens after feeding 


Interval between feeding and fecal collection (in hours) in groups* 1 and 2 


Preinoculation 

Method of culturet (0-3) (3-5) 

1 2 1 2 1 2 
Routine.......| ef c ~ c c c 
S-15 _ = _ ~ _ 
S-60. - ~ - i = i 
CS “eee n n H _ _ — 
Sees (ee n ~ — ~ a 


+ Method of culture: (refer to text for details). 
Routine: use of Ellner’s medium for primary enrichment. 


(5-8) (8-24) 


(24-48) (48-72) 
: 1 2 1 2 1 ) 
, . ( ¢ ( H 
- H - - - H . 
H H H - — es = 
H — H ~ - a a 


* Feces was pooled from 3 chickens in group 1 and from 2 chickens in group 2 at each interval. 


S-15: selective spore heating method (15 min at 100 C), feces cultured immediately. 


5-60: selective spore heating method (60 min at 100 C), feces cultured immediately. 


S-15r: selective spore heating method (15 min at 100 C), feces held at room temp. for 2 to 3 days prior to culture. 


$-60r: as in 8-15r except that the cultures were heated for 60 min. 
t Cultures identified by agglutination test and cultural and heat-resistance characteristics; ¢ = positive chicken strain but not 
strain 8797; H = positive for strain 8797; — = negative for C. perfringens; n = not done. 
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(Cultures were made immediately after sampling at 
ach interval and again after the samples were held 
at room temperature for 2 to 3 days, presuming that 
this holding period would permit sporulation. Similar 
i the earlier trials, heat-resistant organisms were not 
covered from birds inoculated with strain UU7 at any 
interval. However, isolations were made from the group 
receiving strain 8797 as shown in Table 3. In general, 
it appears that holding the samples at room temperature 
2 to 3 days before culturing increased the effectiveness 
of the isolation procedures. Contrary to the earlier 
irials, however, the feces from one of the two groups 
vielded the organism at the 8- to 24-hr and again at the 
18- to 72-hr intervals when cultured immediately after 
sampling. It should be noted that at both intervals the 
organism was recovered when the feces was heated in 
culture medium for 15 min at 100 C but not when 
heated for 60 min at 100 C. Of interest is the fact that 
the feces voided at the 48- to 72-hr interval in one group 
vielded the organism by the routine method of culture, 
the only instance of recovery of this organism by this 
method in all of the feeding trials conducted. As men- 
tioned earlier the success of this method depends on 
the presence of vegetative cells in the inoculum. 

strain 8797 from 
samples held at room temperature but not from fresh 
feces indicates that the organism was present in the 
fresh feces primarily in the vegetative form. The ques- 


The more frequent isolation of 


tion then arises, why were not these vegetative cells 
detectable when fresh feces were cultured by the 
method? As sarlier, the method 
employed depends on sporulation of the vegetative 
Ellner’s 
primary enrichment medium used. In this medium, 


routine indicated 


cells upon inoculation into medium, the 
several of the isolates from chickens have been shown 
to sporulate quite readily, giving a high ratio of spores 
to vegetative cells. On the other hand it has been shown 
that only a fraction of the cells of strain 8797 sporulate 
in this medium. It is thus conceivable that, in the 
presence of a highly sporulative strain, strain 8797 may 
be masked when this method of culture is employed. 


DISCUSSION 


The primary objective was to determine whether 
(’. perfringens of the food-poisoning type was present 
in the intestinal tract of poultry. The main criterion 
for differentiation of this type of organism from the 
classical type A strains appears to be the marked heat 
resistance of the spores of the former. We were not 
able to recover such organisms from the livers or feces 
of the market poultry surveyed. 

One might conclude that poultry, per se, are not an 
important reservoir of food-poisoning strains of C. 
perfringens. It would be too optimistic and without 
basis, however, to state that such organisms do not 


PERFRINGENS IN MARKET POULTRY 341 


a 


exist in this environment. Although studies with a 
known food-poisoning strain of C. perfringens (8797) 
indicate that the intestinal tract of poultry was not an 
ideal environment for its development, it was neverthe- 
less able in some instances to support the develop- 
ment of spores of some degree of heat resistance. Studies 
in vitro also indicated that heat-resistant spores from 
strain 8797 could develop in the presence of chicken 
feces and at the chicken’s normal body temperature, 
42 C, 

Aside from the fact that poultry meat may become 
contaminated with heat-resistant spores from other 
sources during the process of food handling (e.g., man 
is a very good reservoir), there is the possibility that 
heat-resistant spores may develop during storage of 
edible tissue contaminated with vegetative cells from 
the intestines. In Hobbs’ survey (Hobbs et al., 1953 
only 1.7% of the bovine fecal samples were positive 
although 24.1% of samples of raw beef were found to 
harbor this organism. 

Possibly, the basic problem is not whether such 
organisms exist in poultry but rather the conditions 
under which heat-resistant spores are developed and the 
relationship of classical strains to their heat-resistant 
counterparts. The isolation in four instances of strain 
8797 spores that would withstand 100 C for 15 min 
but not 60 min suggests that heat resistance of spores is 
not necessarily a stable characteristic of a given strain. 
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Degeneration of Streptomyces 


ABSTRACT 


Reusser, F. (The Upjohn Company, Kalamazoo, 
Mich.), H. J. Koepseni, anp G. M. Savace. Degenera- 
tion of Streptomyces niveus with repeated transfers. 
Appl. Microbiol. 9: 342-345. 1961.—Novobiocin pro- 
duction by Streptomyces niveus decreased drastically as 
the culture was transferred at regular intervals under 
both sporulating and nonsporulating conditions. Addi- 
tion of degenerated live mycelium as second inoculum 
to shake flask fermentations already inoculated with a 
high-producing strain resulted in sharply depressed 
novobiocin formation. Fractionated medium of low- 
producing strain containing either no cells or dead cells 
had no adverse effect on the antibiotic yield of the 
high-producing mycelium. It appears that the low- 
producing mycelium was outgrowing the high-pro- 
ducing mycelium. A study of the growth rates of the 
two types of mycelium in a clear broth medium indi- 
cated no differences in generation time. However, the 
low-producing strain proved to have a higher efficiency 
of carbohydrate utilization, thus overgrowing the high- 
producing strain. It was speculated that culture insta- 
bility of S. niveus is due to heterocaryosis. 





Maintenance of culture stability, particularly with 
respect to the development of continuous fermenta- 
tions, is of prime importance in industrial antibiotic 
fermentations. Williams and McCoy (1953) and Perl- 
man, Greenfield, and O’Brien (1954) have described 
changes in morphology and loss of antibiotic production 
when cultures of Streptomyces griseus were transferred 
at regular intervals. 

We have found that Streptomyces niveus strains, 
selected for their ability to produce high novobiocin! 
titers, lose this ability markedly upon serial transfer of 
spores or vegetative mycelium. 


1 The trade-mark of The Upjohn Company for novobiocin 
is Albamycin. 
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Suaprro, 8. K., ano W. B. Sarzes. 1949. Microorg: 
the intestinal tract of chickens. J. | 
68 2531-544. 

Wiis, A. T. 1957. Observations on the anaerobes present jy 


ISMs jn 


normal cteriol 


a city water supply with special reference to Clo ‘ridin, 
welchii. J. Appl. Bacteriol. 20:53-60. 


The present study deals with the investigation oj 
possible physiological bases responsible for the degener- 
ation phenomenon observed with S. niveus. 


MATERIALS AND MetTHODS 


Cultural methods. Stock cultures of high-producing 8. 
niveus strain BC-333 were stored on agar slants having 
the following composition: maltose, 10 g; Bacto- 
Tryptone, 5 g; K,HPO,, 0.5 g; NaCl, 0.5 g; FeSO, 
7 H,0, 0.1 g; Bacto agar, 20 g; tap water to 1 liter; pH 
adjusted to 7.0 before sterilization. This strain origi- 
nated from a single-spore isolate selected for its ability 
to produce novobiocin titers of 1,000 to 1,200 ug ml 
(courtesy of Dr. B. W. Churchill). 

The low-producing variant originated from the high- 
producing strain BC-333. It was transferred con- 
tinuously at 3-day intervals in shake flasks in the vege- 
tative state to insure a steady supply of low-producing 
cells during the experiments. 

All fermentation studies were carried out in 500-ml 
wide mouth Erlenmeyer flasks containing 100 ml of 
medium. The flasks were incubated at 28 C on a rotary 
shaker at 250 rev/min with 2-in. eccentricity. The 
sulfite oxidation number as determined by the method 
of Cooper, Fernstrom, and Miller (1944) was 0.3 mu 
O-/liter-min. 

The fermentation medium used, unless indicated 
otherwise, was glucose monohydrate, 40 g; distiller’s 
solubles,? 40 g; tap water to 1 liter; pH adjusted to 8.0 
with NaOH before sterilization. 

Analytical methods. Mycelial weight was determined 
by drying the centrifuged and washed cells in a vacuum 
oven at 65 C for 48 hr. Total carbohydrate was deter- 
mined by the anthrone method of Neish (1952). Novo- 
biocin was determined spectrophotometrically as de- 
scribed by Smith et al. (1958) and the values were 
uncorrected for isonovobiocin. 


? Brown Forman Company, Louisville, Kentucky. 
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RESULTS 


Degeneration of S. niveus strain BC-333 was evi- 
denced through experiments of the following type: 
shake fiasks were prepared with a spore suspension of 
the desired strain. After 3 days, mycelial growth had 
developed but antibiotic titers were low. Serial trans- 
jors were then made at a 5% seed rate into the same 
ature medium at 3-day intervals. Parallel flasks 
prepared from each transfer were allowed to ferment 
ior a period of 9 days and were then analyzed for novo- 
hiocin activity. 

Mter 30 successive transfers the harvest titers had 
generally dropped from over 1,000 ug of novobiocin/ml 
in initial transfers to 100 ug/ml or less. Microscopically 
»0 morphological changes in the vegetative mycelium 
could be detected during progressive degeneration. 
However, the gradual reduction in titer was correlated 
with a gradual loss of the ability to produce spores 
when the mycelium was reinoculated onto agar slants. 
This is similar to the observations of Williams and 
MeCoy (1953) and Perlman et al. (1954) with S. griseus. 
On the other hand, Whiffen and Savage (1947) found 
that loss of penicillin production upon successive 
transfer could be prevented by suppressing sporulation 
with their strain of Penicillium notatum. 

We therefore investigated the effect of sporulation 
upon culture stability if induced during prolonged 
cultivation on the premise that some type of genetic 
segregation in S. niveus occurs during sporulation. 
Evidence of such mechanisms was presented by Bradley 
and Lederberg (1956) with genetically marked auxo- 
trophic and prototrophic colonies of S. griseus and 
Streptomyces cyaneus. 

Successive spore transfers of the high-producing 
strain of S. niveus were made from agar slant to agar 
sant at 6-day intervals and a spore suspension of each 
transfer was tested in shake flasks for antibiotic forma- 
tion. Parallel to these deliberate sporulation transfers, 
vegetative transfers were maintained using the fol- 
loving technique: A spore suspension of the high- 
vielding strain was inoculated into shake flasks and 
maintained in the submerged 
growth. To prevent sporulation along the necks of the 
rotating flasks, the walls were cleaned daily with a 


vegetative state by 


sterile scraper. No spores could be detected in the 
culture medium. Transfers of this vegetative mycelium 
were made every 3 days. Mycelium of each of these 
transfers was also tested in shake flasks for antibiotic 
production. Culture degeneration occurred under both 
sporulating and nonsporulating conditions as seen in 
lig. 1. Thus any genetic segregation occurring during 
the formation of the spores appears to have no direct 
relation to the degeneration of the culture. 

[i was of interest to investigate physiological inter- 
actions between high-producing mycelium and _ low- 
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producing mycelium of strain BC-333. Shake flasks were 
first inoculated with a spore suspension of the high- 
producing strain. These flasks were then incubated for 
2 days, at which time considerable mycelial growth had 
been obtained. Parallel flasks of the same medium had 
been inoculated with a low-producing culture of the 
same strain and incubated for 5 days. Whole medium 
as well as various fractions derived from these low- 
producing fermentations were then added to the 2-day- 
old preseeded shake flasks containing the high-pro- 
ducing cell population, as outlined in Table 1. The 
results show that the presence of live cells of a low- 
producing population in a normally high-producing 
population decreased the novobiocin titer drastically, 
whereas fractions containing either no cells or dead 
cells had no adverse effect on the yield of the high- 
producing population. This observation indicates that 
depression of antibiotic yield is linked to live, low- 
producing cells and that extracellular factors such as 
inhibitors or novobiocin destroying enzymes, released 
into the medium by the low-producing cells, are not 
responsible for the low antibiotic titers. 

The following experiment shows the effect-on anti- 
biotic yield of the time of adding the low-producing cells 
to a preseeded high-producing fermentation medium. 
The first inoculum was a spore suspension of high- 
producing strain BC-333. The second inoculum was 
low-producing strain BC-333, 3 days old at a 10% 
seeding rate. Second inoculations were made at 0, 2, 4, 
6, and 8 days after the first inoculation. Control flasks 
with low-producing and high-producing strains alone 
were run at the same time. The inhibiting effect of low- 
yielding second inoculum decreased sharply if added 
late in the fermentation period as shown in Fig. 2, 
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FIG. 1. Subculturing of Streptomyces niveus strain BC-333 
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indicating that the low-producing strain had probably 
overgrown the high-producing strain. 

It was therefore of interest to know if the low-pro- 
ducing culture, derived from the same parent culture, 
was a faster growing recombinant or mutant of the 


parent strain, and an experiment to compare growth 
rates was set up. To obtain true mycelial dry weights, 
a clear medium, free of extraneous solids, was used. It 
contained glucose monohydrate, 28 g; egg peptone,* 20 
g; and beef extract, 10 g; in 1 liter of tap water (Smith, 
1956). Vegetative inoculum having received a minimal 
number of transfers was used as high-producing strain, 
and inoculum having 40 transfers in shake flasks was 
used as low-producing strain. Dry cell weights, total 
‘arbohydrate, and antibiotic titers were determined 
every 12 hr. The low-producing strain produced no 
antibiotic in this medium, whereas the high-yielding 
produced minimal amounts, less than 100 ug/ml. The 
results of this experiment are shown in Fig. 3. Natural 
log plots of mycelial dry weights vs. time are given in 
Fig. 4. The latter figure indicates that growth proceeded 


3 Viobin Corporation, Monticello, III. 


TABLE 1. Effect of addition of low-producing culture or fractions 
thereof on novobiocin yield of high-producing mycelium 


Novobiocin (ug/ml) 
“ 


— Addition® after 2 days Immedi- After 12 
ately after days of 
addition incubation 
1 H.O0 21 1106 
2 Whole culture 23 304 
3 Seitz filtrate 25 1238 
4 Centrifuged supernatant 24 1101 
5 Autoclaved whole culture 27 1170 
6 Whole culture of low-yielding 45 348 


mycelium at 0 days, without 
preinoculation with high-pro- 
ducing strain 


* Volume of each addition was 10%. 
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exponentially for 65 hr after inoculation. Th 
rate is given by the relation ¢ (loge x) = 
dt 

x = cell dry weight, ¢ = time, and wp = gr 
constant as defined by Monod (1950) and 
Elsworth, and Telling (1956). During the k 
the two growth rates were almost identica 
hr for the low-producing strain and 0.0256 
the high-producing strain, respectively. The y 
stants, mg of cells produced per mg of carbx 
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itilized as defined by Monod (1950) and Herbert et al. 

\956) were also found to be almost identical, 0.73 for 
the low-producing strain, and 0.87 for the high-pro- 
ducing strain. 

A critical evaluation of the curves in Fig. 3 shows, 
however, that the high-producing strain produced only 
jalf as much mycelium per ml of medium as the low- 
producer and that the high-producer had dissimilated 
oily about one-third of the carbohydrate present in 
ihe medium. The low-producer, in comparison, was 
able to dissimilate almost all the carbohydrate. Since 
the novobiocin content in the medium was very low, 
itis unlikely that toxicity due to accumulating novobio- 
“in Was responsible for the inability of the high-pro- 
ducing strain to dissimilate carbohydrates further. Some 
wknown medium ingredient had probably become 
growth limiting in the case of the high-producing strain. 





This metabolic difference between high-producing and 
low-producing strains indicates that the low producing 
population can outgrow a high-producing one due to a 
higher efficiency of carbohydrate utilization. 

shift in S. upon 
successive transfer supports the concept that loss of the 


This observed metabolic niwveus 


ability to synthesize antibiotic is due to genetic rather 
than environmental factors. 


DISCUSSION 





Since cells of Streptomyces are multinucleate, their 


physiological behavior will be the result of combined 
genetic cooperation of different nuclei in a common 


cytoplasmic field, which is called heterocaryosis. It is 


conceivable that during growth these nuclei will divide 
at different rates thus causing a constant shift of the 
genetic configuration and consequently the phenotypic 
behavior of the population. Under the assumption that 
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high antibiotic production is associated with a unique 
heterocaryotic nuclei composition (within the cyto- 
plasm), which consequently is subject to gradual and 
progressive change during progenity, this concept would 
lend itself to a logical explanation for the described 
degeneration phenomenon of S. niveus. 
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ABSTRACT 


Revusser, F. (The Upjohn Company, Kalamazoo, 
Mich.), H. J. Korpsett, anp G. M. SavaGe. Con- 
tinuous microbiological transformation 
Appl. Microbiol. 9: 346-348. 1961. 


tation trials on the bioconversions of pregnadiene to 


of steroids. 


Continuous fermen- 


pregnatriene by Septomy.xa affinis and progesterone to 
lla-hydroxyprogesterone by Rhizopus nigricans were 
conducted successfully in an eight-stage pilot plant reac- 
tor. The first stage was used as the mycelial growth stage 
while the steroid solutions were added continuously to 
stage 2, thus using the remaining stages as conversion 
Recoveries of 50 to 60°% oxidized steroid 
(based on total steroid supplied) were obtained in both 


vessels. 


cases upon a contact time of 5 hr between mycelium 
and steroid. Longer contact times resulted in a gradual 
net loss of steroid. It was concluded that 
reactors (one growth stage and one conversion stage) 


two-stage 


were adequate for efficient continuous operation of 
such processes. The reaction volumes of both stages 
have to be kept in proper balance to insure optimal 
holdup times for both the cell growth and conversion 
steps. 





Numerous reviews on the microbiological transforma- 
tions of steroids and their application to synthesis of 
hormones (Fried et al., 1955; Wettstein, 1955; Shull, 
1956; Eppstein et al., 1956; Vischer and Wettstein, 1958; 
Peterson, 1959; Owen, 1960) have appeared. Most of 
these fermentations are based on conventional batch 
methods consisting of (i) generation of microbial cells 
and (ii) bioconversion of the steroid substrate. With the 
exception of the work of Mateles and Fuld (1959) who 
investigated the continuous transformation of proges- 
terone to 1 la-hydroxyprogesterone by Aspergillus ochra- 
ceus, no results on the continuous processing of such re- 
actions have been published to date. The present paper 
deals with the continuous bioconversion of pregnadiene 
[116 ,21-dihydroxy-4 ,17(20)-pregnadien-3-one| to preg- 
natriene [118 ,21-dihydroxy-1 ,4 ,17 (20)-pregnatrien-3- 
one| (Murray and Sebek, 1959) and of progesterone 
(4-pregnene-3 ,20-dione) to 1lla-hydroxyprogesterone 
{lla-hydroxy-4-pregnene-3 ,20-dione] and 
Murray, 1952; Peterson et al., 1952). For convenience 


(Peterson 


the trivial steroid names will be used in this paper. 
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MATERIALS AND METHODS 
Continuous Culture Apparatus 


The design of the continuous culture appars|us will 
be described in another paper and only details pertinent 
to this work will be given here. The apparatus used was 
a multistage reactor of small pilot plant style and was 
fabricated of stainless steel. It consisted of eight individ. 
ual stages connected together. The first stage had ap 
operating volume of 20 liters, and each subsequent 
stage had a volume of 10 liters. Each stage was provided 
with tanks such as 
agitator, supply of sterile air, sample valves, and 
temperature controls. The level in 


the accessories of conventional 


ach stage was 
kept constant by horizontal overflow to the next stage 
and finally to the drain. Air was sterilized by filtration 
through glass wool filters and its flow was measured by 
rotameters and controlled by needle valves. Continuous 
feed of sterile medium was provided into stage 1 by an 
injection device which delivered a constant amount oi 
medium time Steroid 
dissolved in suitable water-soluble solvents was added 


at short, variable intervals. 
into stage 2 at a controlled rate by the use of a peristal- 
tic-action metering pump. Temperatures were con- 
trolled by circulating thermostatically controlled 
cooling water (28 C) through the jackets of each 
individual stage. 


Operation 

The entire fermentation system was steam sterilized 
empty and then charged with sterile medium, and stage 
1 was inoculated with 10 liters of a 1-day-old batch 
culture in the same Continuous feed 
started 2 to 3 hr after inoculation. The feed rate was 
adjusted to give a holdup time of 10 hr for the first 
stage and 5 hr for subsequent vessels, thus giving 
over-all holdup time of approximately 45 hr. The air 
supply was 10 liters/min to the first stage and 5 liters 
min to subsequent stages. No antifoam was used. Con- 
2 at 24 br 


medium. was 


al 


tinuous steroid feed was started into stage 
after inoculation. 


Steroid Feed Solutions 


Pregnatriene fermentation. In the case of the pregna- 
triene fermentation, the steroid feed rate was adjusted 
to deliver 0.5 g of steroid/liter of fermentation medium. 
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The steroid solution contained 50 g/liter of pregnadiene 
lissolved in propylene glycol. 

The 


of progesterone 


fermentation. steroid 


{la-/ydroxy progesterone 
jeed rate Was adjusted to deliver 1 g 
The 


progesterone/liter dissolved in 


fermentation medium. steroid solution 


100 ¢ of 


liter ol 
contained 


acetone. 


Organisms 


The organism used for the conversion of pregnadiene 
to pregnatriene was Septomyxa affinis. Rhizopus nigri- 
cans Ehrb. (ATCC 6227b) was used for the conversion 
of progesterone to 1la-hydroxyprogesterone. Stocks of 
both cultures were maintained on agar slants. 


Culture Medium 


Medium of the following composition was used in all 
experiments: glucose monohydrate, 10 g; corn steep 
liquor, 20 g; novobiocin, 50 mg; neomycin, 50 mg; tap 
water to 1 liter; pH was adjusted to 4.8 to 5.0 with 
concentrated NaOH before sterilization. The antibiotics 
were added to minimize possible bacterial contamina- 
tion during runs. Batch results indicated that the addi- 
tion of these antibiotics had no effect on growth rate, 
steroid conversion rate, or extent of conversion. Me- 
dium was sterilized for 30 min at 19 psi. 
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FIG. 1. Recovery of pregnatriene and pregnadiene in stage 2 
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rig, 2. Recovery of pregnatriene and pregnadiene in stage 8 
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Sampling 

Samples from each stage, as well as from the medium 
storage tanks, were withdrawn daily and tested for 
steroid levels. 

Steroid Assays 

One-hundred-milliliter samples of bioconversion me- 
dium were extracted with an equal volume of chloro- 
form under reflux. The extracts of pregnadiene conver- 
sion media were subjected to paper chromatography on 
the benzene-formamide system (Zaffaroni and Burton, 
1951), eluted, and the ultraviolet absorption deter- 
mined at 243 mu. For progesterone bioconversions the 
paper chromatogram system methylcyclohexane-carbi- 
tol (Murray and Peterson, 1952) was used for the 
separation of progesterone and the system benzene- 
cyclohexane-propylene glycol (Kochakian and Stid- 
worthy, 1952) was used for the separation of lla- 
hydroxyprogesterone and elution extracts were read at 
232 mu according to the method of Reineke (1956). 


RESULTS 


The addition of steroid to culture medium containing 
proliferating cells was found to inhibit cell growth, and 
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it Was necessary to separate the cell proliferation and 
steroid bioconversion phases of the process. This was 
done by using a 20-liter, 10-hr holdup first stage without 
steroid feed for cell growth. Steroid was then introduced 
in the second stage, and further cell growth was 
negligible. 


Pregnatriene Fermentation 


Steroid assays for stages 2 and 8 are shown in Fig. 1 
and 2. Stage 2 assays averaged 40 to 60% pregnatriene 
and 0 to 20° residual substrate, on the basis of sub- 
strate supplied. Assays of stage 3 were essentially the 
same, and for stage 8 showed about 10% loss of steroid. 
Thus, under the conditions used a contact time of 5 
to 10 hr between steroid and mycelium was adequate 
for maximal reaction. 


11a-Hydroxyprogesterone Fermentation 


Assays of stage 2 showed 60% 1la-hydroxyprogester- 
and 0 to 10% There was 
progressive steroid loss in further stages, and stage 8 


one residual substrate. 
assays gave a steroid recovery of 40 to 60%. These 
results are shown in Fig. 3 and 4. Thus, a contact time 
of 5 hr was sufficient for maximal product formation. 


DISCUSSION 


The results presented indicate that continuous steroid 
bioconversion is feasible. The short contact time ob- 
served should make reductions in processing costs 
possible. The growth process should be limited to the 
first stage, while the steroid to be converted is added to 
the second stage where the actual bioconversion takes 
place. The volumes of the two stages must be properly 
balanced in order to insure optimal holdup times for 
both growth and conversion processes. 

The experiments reported were conducted to explore 
the feasibility of continuous steroid bioconversions and 
operational conditions were chosen arbitrarily. The 
results do not necessarily represent maximal achievable 
recoveries or efficiencies and are therefore of relative 
rather than absolute value. It should be expected that 
the efficiency of steroid conversion processes could be 
increased considerably by proper adjustment of all 
operational variables, particularly by minimizing the 
portion of steroid loss due to degradation by the organ- 
ism (usually 30 in these experiments) and by adding 
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higher steroid levels continuously to the co 
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ABSTRACT 


(All-Union Research Institute for 
1.8.8. R.),S. 1. ALIKHANIAN, A. 
\V, VuapImirov, AND G. R. Mikuatiova. A new hybrid 
strain of an oxytetracycline-producing organism, Strep- 
349-353. 1961.—A 
new strain, Streptomyces rimosus LS-T hybrid, char- 
acterized by a lower level of foaming and higher anti- 
biotic activity as compared to the other active strains 


Minxpuin, S. Z. 
Antibiotics, Moscow, | 


lomyces rimosus. Appl. Microbiol. 9: 


of S. rimosus, is obtained as a result of selection among 
prototrophic recombinant forms of strains LS-T293 and 
BS-21. The studies on strain LS-T hybrid show the 
possibilities of combining properties of different strains 
of S. rimosus in the hybrid forms. The occurrence of 
new properties in the hybrid forms is detected. 





Hybridization is one of the basic methods used in 
the breeding of higher plants and animals. Up to the 
present time, the use of this method in selection of 
microorganisms, excluding yeasts and some eumyco- 
phyta, has been very limited, as microorganisms were 
thought to have no sexual reproduction. Recently, 
however, this question was revised as processes roughly 
similar to sexual reproduction were observed in a series 
of microorganisms, including those used in industry. 
The possibility of obtaining heterozygous diploids in 
penicillia and aspergilli was shown, and genetic recombi- 
nations in various species of actinomycetes were ob- 
tained (Pontecorvo, 1956; Sermonti and Spada-Ser- 
monti, 1956). This finding suggested the selection of 
strains which combined the features of different parent 
forms, and the use of hybridization methods in selection 
of microorganisms became practicable. 

The possibility of obtaining recombinants in a strain 
of Streptomyces rimosus producing the broad spectrum 
antibiotic, oxytetracycline, was shown by us earlier 
(Alikhanian and Mindlin, 1957). The crossing of single 
biochemical mutants yielded several types of proto- 
trophic forms which differed (besides other properties) 
in their ability to synthesize the antibiotic. Hybrid 
forms, equal by their antibiotic activity to the starting 
strains and sometimes even exceeding them in this 
respect by 10 to 15°, were observed in almost all 
combinations studied. By contrast, the corresponding 
biochemical nutritional mutants were very poor produc- 
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ers of the antibiotic (Alikhanian and Mindlin, 1958; 
Alikhanian, 1959a). In these experiments, one more 
interesting fact in favor of using hybrid prototrophic 
forms of S. rimosus in selection of new strains was 
observed. It was found that prototrophic recombinants 
obtained as a result of mixed growth of two biochemical 
mutants possessed new physiological properties differing 
from those of the starting strains. 

On the basis of these data we attempted to obtain a 
new highly productive strain of S. rimosus through 
selection of hybrid forms. Our task was not only to 
increase the activity of the present strains, but also 
to obtain a strain suitable for fermenting concentrated 
media, as all highly active strains available caused 
great foaming of the fermentation fluid and could not 
be used for cultivation in these conditions. 

The obtaining of such a strain is described here. 


MATERIALS AND MertuHops 


Two strains of S. rémosus differing in their origin were 
used. Strain LS-T293 was obtained by us after selection 
among ultraviolet-induced variants of S. riémosus (Alik- 
hanian, 1959b). It is characterized by producing high 
levels of oxytetracycline in media containing higher con- 
centrations soluble phosphorus 
compared to other strains of S. rémosus. Strain BS21 
was received from Hungary. It is inferior in its activity 
to strain LS-T293 and does not require higher levels of 
phosphorus in the media. In addition, both strains differ 
number morphological and 
properties. 

lor obtaining hybrid forms from these strains, their 
biochemical mutants were used. Biochemical mutants 
no. 80 re- 
quiring methionine and variant no. 1 requiring valine 
and isoleucine were obtained from strain LS-T293; and 
variant no. 49 requiring histidine and variant no. 13 
requiring leucine were obtained from strain BS-21. 
These biochemical mutants served as the starting ma- 
terial in our work. 

The hybrid forms were obtained by a usual procedure 
(Sermonti and Spada-Sermonti, 1956). Spores from a 
mixed culture of the biochemical mutants were plated 
on selective media and the prototrophic colonies grown 
were picked. 
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To study the antibiotic activity of different strains 
they were grown at 26 to 28 C in flasks on a rotary 
shaker at 220 to 240 rev/min. Two media were used for 
the cultivation of the strains; medium A containing 0.25 
to 0.75 of corn steep liquor and 3% of starch and 
medium B, a concentrated medium, containing 0.5% 
of corn steep liquor, 2% of soybean meal, and 5% of 
starch. 

The antibiotic activity was determined by a photo- 
colorimetric method. The foaming level was determined 
visually by presence or absence of foam in the fermenta- 
tion flasks. 


RESULTS AND DiIscussION 


At the first stage of our work, prototrophic hybrid 
forms were obtained from a mixed growth of biochemi- 
‘al mutants of strains LS-T293 (nos. 80 and 1) and 
BS-21 (nos. 49 and 13), in combinations 49 X 1, 49 X 
80, and 13 X 1. 

The second stage of our work was the selection of a 
prototroph which would most closely meet our require- 
ments. The antibiotic activity and the level of foaming 
were the two properties of the prototroph evaluated. 
The results of this work are presented in Table 1. As a 
control, a highly active strain LS-T118 (Mindlin and 
Alikhanian, 1958) was used. As is evident from Table 1, 
two recombinant strains causing practically no foaming 
of the fermentation media were obtained, that isa hybrid 
of type I from crossing mutant no. 13 and mutant no. 1 
(13 X& 1) and a hybrid of type I from crossing 49 80. 
As far as their antibiotic activity is concerned, only one 
of these strains could compete in this respect with 
strain LS-T118. This was the prototrophic recombinant 
of type I from combination 49 X 80, subsequently 
named strain LS-T hybrid. 


TABLE 1. Data on evaluation of the antibiotic activities and 
the levels of foaming produced by hybrid forms of Strepto- 
myces rimosus mutants BS-21-no. 49 and LS-T293-no. 1 


: _| Evaluation of the 
Activity of foam levels 
new strain 
as percent- 
Strain age of the _. The f 
‘ : Total no,| The no. of 


activity of ete Rss fermen- 
iSite | mente | tations 
tions - 
foaming 
Strain LS-T118 (control) 100 7 1 
Hybrids from combination 49 X 1: 
Type I 90-95 4 3 
Type II 100 2 1 
Type III.. 70 1 0 
Hybrids from combination 13 X 1: 
Type I 60-66 5 5 
Type II 90-93 2 l 
Type III 100-110 2 1 
Hybrids from combination 49 X 80: 
Type I 100-103 7 7 
Type II io 80 2 1 
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A detailed study of this strain also sho ed jts 
superiority to strain LS-T118 with respect to the 
amount of antibiotic produced. The new strain e- ceeded 
strain LS-T118 in its activity by 10 to 15%. The com. 
parative data on the antibiotic activities 0: these 
strains, grown on concentrated media in laboratory 
conditions, are presented in Table 2. 

Because of these properties, strain LS-T hybrid was 
tested on an industrial scale. 

The task of obtaining a new strain, superior in its 
antibiotic activity to the highly active strain and 


TABLE 2. Comparative antibiotic activities of Streplomyces 
rimosus strains LS-T118 and LS-T hybrid type I from 
crossing 49 X 80 


Oxytetracycline activity 
Strain ag As percentage 
: o/aal ef the activity 
sad of strain 
r118 
LS-T118 Pe a 43 4,353 100 
LS-T Hybrid (type I)..... 44 4,909 113 
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FIG. 1. Colonies of the starting strains, their biochemical 


mutants, and the hybrids, obtained as a result of their crossing on 


the corn steep liquor medium. (A) Strain LS-1293, (B) Strain | 


BS-21, (C) biochemical mutant no. 80 requiring methionine 
(D) biochemical mutant no. 49, requiring histidine, (E) hybrid 
of type I, (F) hybrid of type IT. 
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characterized by a lower level of foaming, was solved 
without significant difficulties. 

However, 
crossing of biochemical mutants resulted in the occur- 


as in other cases mentioned above, the 


characterized by new physiological 


ay Ye 
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strains LS-T293, BS-21, and _ the 


Mycelia of 


with methylene blue after 24 and 48 hr of their growth in submerged culture. 
X90). 
containing 
48 hr); (C) 
hyphae 


trivance FMN-8, ocular K10X%, apochromatic objective 
LS-1'293, 24 hours); (B) low basophilic, thin hyphae, 
Sraginents of thick, basophilic hyphae (strain LS-T298, 


{3 D) 
hyphae (hybrid of type I, 24 hr); (F) low 


ping volutin (hybrid of type I, 48 hr). 


basoph il ic ; 
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properties differing from those of the initial strains. 
Thus, both starting strains, LS-T293 and BS-21, caused 
great foaming of the fermentation media, whereas the 
hybrid strain markedly differed from them in this 


respect. In this connection it was interesting to trace 
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hybrid) fixed with Carnoy fluid and stained 
Magnification 2,000X (microscope MBI-3, microphoto con- 
(A) basophilic branched hyphae, volutin 
single small volutin granules, 
high basophilic, thick hyphae 
(strain BS-21, 48 hr); (E) basophilic 
basophilic 


containing 
and partially germinating 

BS-21, 24 hr) 
slightly branched 


(strain 
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the inheritance of other features from st rains LS-T293 activity than strain BS-21. It is more sens 
and BS-21 by strain LS-T hybrid and one more proto- X 
trophic recombinant from crossing 49 & 80. 

As mentioned above, strains LS-T293 and BS-21 
have many differences. Strain LS- 


ive to 
irradiation and exhibits some sensitivity (0 Joy 
concentrations of streptomycin, whereas strain BS.9] 
is resistant to st reptomycin even at the concen 


‘ations 
of 1,000 wg/ml. These strains differ by their « 


T293 possesses higher ultural 
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FIG. 3. Mycelia of the starting strains, their biochemical mutants, and the 


hybrids, obtained as a result of their crossing, fixed will 
Carnoy fluid and stained with methylene blue after 72 hr o, 


f their growth in submerged culture. Magnification 2,000X (microscope MBI-3,} 
microphoto contrivance FMN-8, ocular K10X. apochromatic objective X90). (A) low basophilic, thin hyphae and their fragments, con 
taining volutin (strain LS-T293); (B) fragment chains of basophilic hyphae, single fragments, spores, and single colonies with hid 
basophilic “young” hyphae (strain BS-21); (C) the difference from strain LS-T293 consists in the presence of a greater amount of th 
hyphal fragments and volutin (mutant no. 80); (D) 

fragments (mutant no. 49); (E) moderate, basophilic, 
basophilic hyphae, single 


the difference from strain BS-21 consists in thicker and more basophil 

thin hyphae, containing single volutin 
fragments, and spores (hybrid of type 1); (F) 
granules, fragment chains of thick, basophilic hyphae, 


granules, fragment chains 0 
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and morphological characteristics, as well as_ their 
cytological features (lig. 1 to 3). In addition, both 
strains respond differently to an increase of soluble 
inorganic phosphorus in the media, and the optimal 
concentration of corn steep liquor in the media for the 
wowth of strain BS-21 is 0.25 to 0.5°%, whereas for 
strain LS-T293 it is 0.5 to 0.75 %. 

The data on the comparative study of the proto- 
trophic recombinants of type I and II from crossing 
9) X 80 with respect to the above properties are pre- 
sented in Table 3 and Fig. 1 to 3. 

The examination of these data shows that only a few 
properties of the starting strains, such as the response to 
streptomycin, and the response to an increase of inor- 
ganic soluble phosphorus in the media are inherited by 
the prototrophs without any change. These properties 
may be inherited by the prototrophs either from one 
starting strain, or the other as in inheritance of the 
reaction to streptomycin. In some cases the inheritance 
is intermediate, such as the cytological structure of 
mycelia and the inheritance of the sensitivity to X 
irradiation, Whereas in other cases new properties, such 
as new cultural and morphological features or the 
absence of foaming in the fermentation medium are 
observed. When attempting to induce nonactive vari- 


Properties studied Strain LS-T293 


Substrate mycelium 


brown. Aerial myce- 


Cultural and morphological 


properties 


Strain BS-21 a 


Substrate 
brown. Aerial myce- 
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ants in prototrophic recombinants by using ultraviolet 

or X irradiation, an interesting new property of the 

prototrophic recombinants was shown. A great number 
of colonies was examined, and very few such variants 
were detected, although the starting strains LS-T293 
and BS-21 produced many such variants after irradia- 
tion with ultraviolet or X rays. 
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TABLE 3. Characteristics of Streptomyces rimosus strains LS-7T293 and BS-21 as compared with those of hybrids from combination 49 X 80 


Hybrids from combination 49 X 80 
Type I Type II 


Substrate 
brown. 


mycelium | Substrate mycelium 


almost black. Aerial 


mycelium 


No — aerial 


Cytological structure 


}> Antibiotic activity on usual 
medium 

Response to increased inor 
ganic soluble phosphorus 
in the medium 

Sensitivity to X irradiation 





) Induced variation (occur 


| rence of 
variants) 


nonactive 


Response to streptomycin 
Foaming of the fermentation 
medium 


y 


i 


y 


lium grayish 
artial fragmentation 
of mycelium in 48 hr. 
Volutin is 


_ 


formed 
after 24 hr of growth 
ie 


2,500 ng/ml 


Increased activity 


Sensitive 


Frequent 


Sensitive 
Abundant 


lium white 
Complete fragmenta- 
tion of mycelium in 
48 hr. Volutin is 
formed at the end of | 
fermentation 
1,500 ug/ml 


Decreased activity 


Resistant 


Rare 


| Resistant 


Abundant 


mycelium white 
Intermediate 


2,650 ug/ml 


As in strain LS-T293 


Intermediate 


Very rare 


| Asin strain LS-T293 
None 


mycelium 
Intermediate 


1,850 ng/ml 


As in strain LS-T293 


More resistant than 
strain BS-21 


None 


As in strain BS-21 
Abundant 
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The fluorescence of microscopic organisms may be 
either natural or induced. Organisms which do not 
have sufficient intrinsic fluorescence can be impreg- 
nated with specific chemicals called fluorochromes or 
fluors. Both types of fluorescence depend upon the 
presence of materials which emit radiation at a wave- 
length different from that of the light source. These 
substances absorb radiant energy and during the return 
to their original energy state fluorescence occurs. In 
applying this phenomenon to microscopic studies of 
biological specimens, ultraviolet light is generally used 
and cells glow brilliantly against a dark background. 
It is of interest that many of the great inherent capa- 
bilities of the ultraviolet microscope as known today 
were recognized 60 years ago by Kohler and von Rohr 
(1904) when they designed and built the first of these 
instruments. 


AUTO-FLUORESCENCE 


Many bacteria, actinomycetes, algae, and fungi 
fluoresce naturally in ultraviolet light; and the presence 
of invading organisms, especially actinomycetes, has 
been detected clinically, as well as in plants and animals, 
by this method. The invasion of potato by Streplomyces 
scabies, for example, has been quickly determined by 
its auto-fluorescence (Richards, 1943). In a survey of 
more than 50 cultures of actinomycetes (Krassil’nikov 
and Kalakutskii, 1959) all were found to fluoresce 
under polarized light when grown on agar; however, the 
mycelium of these same cultures grown in liquid me- 
dium on shakers was not fluorescent. Although changes 
in auto-fluorescence with age have been found in algae 
(Wassink and Katz, 1939) as well as fungi (Rudaya, 
1958), the toxicity of Fusarium sporotrichiella has been 
correlated with the degree of fluorescence of the strain 
(Rubinstein, 1956) and the intensity of auto-fluorescence 
on agar has also been recommended for use in the 
screening of cultures for the production of riboflavin 
(Dikanskaya, 1953) and the antibiotic oxytetracycline 
(Rudaya, 1958). The possible taxonomic classification 
of various groups of actinomycetes by their differing 
auto-fluorescence has been suggested (Krassil’nikov 
and Bekhterevia, 1956). The differentiation of tumor 
tissue by this technique has also been investigated 


(Herley, 1944), and fluorescence studies on chloroplast 
development and chlorophyll formation have also been 
undertaken (Epstein, De La Tour, and Schiff, 1960: 
Krasnovsky and Bystrova, 1960). 

Although the fluorescence of the pseudomonad bac- 
teria has been known for many years, only recently 
have any attempts been made at identification of the 
fluorescent material (Elliot, 1958). The pigments of 
the fluorescent azotobacter are also only now under 
chemical investigation (Johnstone, Pfeffer, and Blan- 
chard, 1959), although their fluorescence had_ been 
suggested earlier as a means of species identification 
(Johnstone and Fishbein, 1956); and the pigments 
elaborated by certain aspergilli, which were once 
thought to be riboflavin, have characteristics which 
indicate they are probably pteridine derivatives (Wolf, 
1957) somewhat similar to those of the azotobacter, 
The fluorescing pigments of some actinomycetes have 
studied (Cortese, 1930, 1931) as well as 
those of certain higher fungi (Dhéré and Castelli, 
1937; Josserand and Nétien, 1938, 1939). Much work 
remains to be done before the phenomenon of auto- 


also been 


fluorescence in microscopic organisms is understood. 
Although Schrotter had observed the absorption of 
ultraviolet light by bacterial spores as early as 1906 and 
Smakula and Laser in 1934 had described ultraviolet 
absorption maxima in a variety of tissues, it remained 
for Caspersson in 1936 to recognize the significance of 
these phenomena and to demonstrate that the intense 
ultraviolet absorption of cells was probably due to their 
nucleic acids and proteins. Caspersson (1950) and his 
colleagues have subsequently developed this technique 
into an attack on the whole problem of the localization 
and metabolism of nucleoproteins within the cell. The 
ultraviolet absorption of living nuclei during growth 
and division has been intensively studied (Ris and 
Mirsky, 1949; Walker and Yates, 1952). Since in cyto- 
logical structures protein concentrations range between 
10 and 40% and nucleic acids between 1 and 8% (Nurn- 
berger, 1955), favorable conditions for this approach 





exist. However, the contributions to cytological cellular | 


techniques 
absorption appear, with our present knowledge, to be 


somewhat restricted in their scope, when compared 


with naturally occurring ultraviolet micro- |) 
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either with simple and selective staining procedures or 


with the combination of cell fractionation and micro- 
chemical analysis. 
INDUCED FLUORESCENCE 

In contrast, induced fluorescence in the long wave 
ultraviolet range appears to offer many opportuni- 
ties for successful application in the biological field. 
In addition to its this tech- 
nique has been used for the visualization of small 


cytological aspects, 
objects, for particle counting, for specific reactions, and 
for the localization and identification of chemicals 
and organisms. Of paramount importance is the fact 
that the circulation, concentration, and excretion of 
fluorescent or fluorescence-tagged materials may now 
be studied within living organisms. 

The fluorescent compounds per se whose distribution 
has been followed in human or animal tissues include 
the antimalarial atabrine (Jailer, 1945), aromatic diami- 
dines and hydroxystilbamidine (Snapper et al., 1951), 
an anti-pernicious anemia factor (Jacobson and Simp- 
son, 1946), riboflavin (Bodine and Fitzgerald, 1946), 
and vitamin A (Popper, 1941). The mode of action and 
localization of antibiotics has also been 
studied by this technique (Milch, Rall, and Tobie, 
1957; Newton, 1955), and fluorescence has become an 


fluorescent 


integral part of the chromatography of steroids (Haines 
and Drake, 1950) as well as of antibiotics (Regna and 
Solomons, 1950). 

In studies with fluorescence-tagged materials, fluors 
or fluorochromes are employed. These may be standard, 
colored dyes, which visibly stain the specimen and 
which, on irradiation, fluoresce with a similar or dis- 
similar color; other fluors remain colorless until ir- 
radiated. Some of the uses of fluors include labeling 
for localization of antigen in tissue cells (Coons and 
Kaplan, 1950; Coons et al., 1942); labeling for bacterial 
and viral infiltration (Hagemann, 1937; Maximovick 
and Mitchenko, 1959; Rapp, Gordon, and Baker, 1960); 
discrimination of certain types of cancer cells (Berta- 
lanffy, 1960; Bertalanffy, Masin, and Masin, 1956, 
1958; Friedman, 1950); identification of specific bacte- 
rial genera (Kaufman and Weaver, 1960); studies on 
bone structure and development (Ribelin, Masri, and 
Deeds, 1960); staining techniques for tubercle bacilli 
(Hagemann, 1937; Kuper and May, 1960), trypano- 
somes (Janseo, 1932; Strugger, 1948a), and malarial 
organisms (Fishl and Singer, 1935); bacterial counts 
(Greene and Hesseltine, 1950; Strugger, 1948b) ; locali- 
zation of inhaled dust (Yogoda and Donahue, 1946); 
and detection of antibiotics in milk (Hargrove, Lehman 
and Matthews, 1958). 

The nature, color, and applications of many fluors 
are listed by Richards (1955). Dilute aqueous solutions 
of 0.1% concentration are generally satisfactory; and 
the staining period ranges from a few seconds to over- 
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night, depending on the material, the fluor, and the 
concentration. Berberine sulfate and fluorescein are 
probably the most generally used fluors; the acridines 
are also extensively employed. By combining several 
fluors or by using them successively, it is possible to 
obtain differential coloring in the tissues. Many fluors 
combine selectively with certain cellular components. 
Some will fluoresce only within a narrow range of 
acidity, and buffers may be needed to preserve the 
color or to maintain the tissue in proper condition. In 
addition to pH, the fluorescence of fluors is dependent 
upon temperature, viscosity, electrolyte concentration, 
and concentration of the fluorescent material itself. 
Gurr (1951) has summarized many of the procedures 
for impregnating biological materials with 
chromes. 

The apparent brightness of the fluorescence of the 
fluor at a given magnification depends on the intensity 
of the light source, the efficiency with which it is 
concentrated on the specimen by the illuminating 


fluoro- 


system of the microscope, the cytological location and 
efficiency of the fluor, the amount of the emitted 
fluorescence collected by the microscope objective, and 
and losses from absorption within the microscope. 

The light emission from a fluorescent particle itself 
is dependent on the size and shape of the particle and 
the difference in refractive index between the particle 
and its environment. Emitted rays which have an inci- 
dence more oblique than the critical angle for the inter- 
face between the particle and its surroundings cannot 
leave the particle. Although inorganic materials can be 
broken into sizes and shapes that will circumvent total 
reflection, biological materials 
changed in this manner. 

Although the use of fluors to visualize specimens was 
initiated in 1914 by Provazek, there was an extremely 
slow development of this technique due largely to 
the lack of easily usable ultraviolet sources. In the 
1930’s German workers investigated the use of fluores- 
cent fluors as a means of labeling bacteria, viruses, 
malaria organisms, and trypanosomes (Fishl and Singer, 
1935; Hagemann, 1937; Jansco, 1932). At the same time 
vital fluors were also investigated. Some of the first 
applications of these vital fluors were in living animals, 
and in 1932 Singer studied kidney tissue of the frog, 
rat, and mouse subsequent to the injection of fluores- 
cein. Pick and Zukerkandl (1935) also investigated this 
technique. Other fluors, including acriflavine, primulin, 
rhodamine B, and thioflavin 8, were employed by Keller 
(1949) with submerged animal tissues. Keller and 
Pisha (1947) stained living plants and animals with 
rhodamine B after fluorescein thus permitting the 
appearance of two fluorescent colors in their prepara- 
tions. Strugger (1940, 1947), using the fluor acridine 
orange on dead and living bacterial and plant cells, 
observed some differences in their fluorescent pattern. 


internal cannot be 
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Although all of the acridine compounds possess the 
property of fluorescence, the diamino acridines are the 
most active in this respect. Since maximal activation of 


the fluorescence of these substances occurs in the blue- 
violet region of the spectrum, quartz optical compo- 
nents are not required; a high pressure mercury vapor 
lamp provides an adequate light source and with a dark- 
field condenser and suitable filtration, the fluorescent 
images stand out clearly against a black background. 
Excellent discussions of ultraviolet microscopy have 
been published by Blout (1953), Nurnberger (1955), and 
Richards (1955). 

The diamino acridine basic fluors, including acrifla- 
vine, acridine orange, and acridine yellow have a _ pro- 
nounced affinity for cellular nucleoproteins and nucleic 
acids (De Bruyn, Robertson, and Farr, 1950). When 
administered in vivo they react with nuclear deoxyribo- 
nucleic acid (DNA) and nuclear ribonucleic acid (RNA) 
and display little affinity for extra nuclear proteins 
(Bertalanffy and Bickis, 1956; De Bruyn et al., 1953). 
After tissue fixation these fluors do, however, have an 
affinity for all nucleoproteins regardless of their locali- 
zation within the cell (De Bruyn et al., 1953). With 
acridine orange there are specific fluorescences for RNA 
and DNA (Armstrong, 1956; Armstrong and Niven, 
1957); structures containing DNA, such as nuclear 
chromatin, show a greenish-yellow fluorescence, whereas 
RNA-containing material gives a bright flame-red color. 
Cellular age has also been reported to influence fluores- 
cence with acridine orange as well as other fluors 
(Naumova, 1960). 

One of the most important controlling factors in the 
fluorescence of the diamino acridines is the pH of the 
staining solution. The most striking differential fluores- 
cence has been obtained within a pH range of 1.5 to 3.5 
for acridine orange and 3.5 to 5.0 for acridine orange 
R, the 5-phenyl derivative (Armstrong and Niven, 
1957; Niven, 1959). A pH of 7.0 has, however, been 
employed for studies in vivo (Morthland, De Bruyn, 
and Smith, 1954). The detection of the diamino acri- 
dines in animal tissues following subcutaneous injection 
has shown (De Bruyn et al., 1950) that 3 ,6-diamino-10- 
methyl acridinium chloride remained in the tissues for 
the longest time; its presence could be detected for 12 
days. Acridine orange could be seen for only 30 hr and 
acridine yellow for 20 hr. The interaction of the diamino 
acridines with nucleoproteins has formed the basis of 
techniques used for observations on virus-infected cells 
(Armstrong and Niven, 1957; Armstrong and Hopper, 
1959), on the multiplication of bacteriophage in lyso- 
genic cells (Anderson, 1957), and on the multiplication 
of yeast cells (Freifelder and Uretz, 1960). 

Paralleling the use of the diamino acridines in studies 
in vivo, investigations were continued with fluorescein. 
The early work of the Germans was extended into the 
field of antigens by Coons et al. in 1942. Their research 





demonstrated that a fluorescent compound cc Jd hp 
conjugated with antibody molecules without dss of 
activity. Heidelberger, Kendall, and Soo Hoo i; 1933 
had introduced visible labels into the study of in: auno- 
logical reactions, and the following year Marrack | 1934) 
reported that an antibody molecule could be c upled 
with a dry molecule without losing its capaciiy for 
specific reaction with the antigen. Subsequent research 
has established an effective labeling technique tor the 
localization of antigen in tissue cells (Coons, 1958, 
1959a, b, c, Coons and Kaplan, 1950; Coons, Leduc. 
and Conolly, 1955; Coons et al., 1950; Marshall, Eve- 
land, and Smith, 1958; Tobie, 1958). The fluorescent 
fluorochrome, fluorescein, is chemically linked to protein 
molecules of the antibody and the fluorescent antibody 
is used as a histochemical reagent. When this labeled 
antibody is brought in contact with a tissue section 
containing specific antigen, the antibody molecules 
react with the antigen; the unreacted antibodies and 
other labeled proteins can be washed away; and the 
fluorescent label can be observed under the fluorescence 
microscope. Research workers have successfully traced 
bacterial polysaccharides and foreign animal proteins 
when injected into mice, and they have located viral 
and rickettsial antigens in infected cells. Antibodies 
labeled with fluorescein have come into widespread use 
for the localization of various kinds of antigenic mole- 
cules in tissues. The staining of bacteria with fluorescent 
antibody by Moody, Goldman, and Thomason (1956 
has become increasingly important; this technique may 
hasten the diagnosing of many diseases, and it is re- 
ported (Moody et al., 1959) to be, in general, more sen- 
sitive than agglutination. 

During the past few years several papers applying th 
fluorescent antibody technique have appeared. These 
publications pertain to such diverse studies as the at- 
tachment of chemicals to animal tissues in the produc- 
tion of allergies (Chase, Slizys, and Dukes, 1959; Gold- 
stein, Slizys, and Chase, 1960); the estimation of 
infectious virus units in tissue culture (Rapp, Seligman, 
and Gordon, 1959); the measurement of polyoma virus 
synthesis in tumor cells (Sachs and Fogel, 1960); the 
chloramphenicol-induced accumulation of fluorescent 
substance in bacteria (Wolfe and Hahn, 1960); the eval- 
uation of connective tissue disease (Kaplan, 1959); the 
uptake of proteins by animal tissues (Holter and Holt- 
zer, 1959); the histological study of infectious canine 
hepatitis (Coffin, Coons, and Cabasso, 1953); and the 
diagnosis of rabies (Goldwasser and Kissling, 1958), 


poliomyelitis (Kalter, Hatch, and Ajello, 1959), Colo- = 


rado tick fever (Burgdorfer and Lackman, 1960), ty- 
phoid and paratyphoid (Thomason, Cherry, and Ed- 
wards, 1959; Truant, 1959), pertussis (Kendrick, 
Eldering, and Eveland, 1960), cholera (Finkelstein and 
La Bree, 1959), brucellosis (Biegeleisen and Moody, 
1960; Kaufman and Cherry, 1960), erysipelas (Marshall 
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ot al., 1959), and infections involving: Escherichia coli 
Stulberg, Cohen, and Page, 1960; Thomason and 
Cherry, 1960; Thomason, Cherry, and Ewing, 1959), 
(oryncbacterium (Jones and Moody, 1960), Candida 
Kemp and Solotorovsky, 1960), Cryptococcus (Kase 
and Marshall, 1960), Endamoeba (Goldman, 1954), Gon- 
ycoccus (Deacon et al., 1960), Listeria (Smith, Marshall, 
and Eveland, 1959), Mimae (Eveland et al., 1959), 
Haemophilus influenzae (Page, Caldroney, and Stulberg, 
(960), Staphylococcus aureus (Pittman and Moody, 
\960), Streptococcus (Moody, Ellis, and Updyke, 1958; 
Redys, Ross, and Borman, 1960), Malleomyces (Moody 
et al., 1956; Thomason, Moody, and Goldman, 1956), 
and the microaerophilic actinomycetes (Slack and 
Moore, 1960). With the synthesizing of fluorescein iso- 
thiocyanate (Riggs, 1957; Riggs et al., 1958), the flu- 
orescent antibody technique has been substantially 
improved by greater stability and brilliance. 
Conjugates of proteins with other fluorochromes have 
also been investigated. These include 8-anthryl isocya- 
nate (Creech and Jones, 1941), nuclear fast red (Clay- 
ton, 1954), rhodamine B-isocyanate (Silverstein, 1957), 
and rhodamine B (Laurence, 1952). None of these com- 
pounds has been widely used, either because of difficulty 
in repeating conjugations or because the products com- 


; pared unfavorably with fluorescein conjugates. The use 


of Lissamine Rhodamine B 200 (RB 200) as a fluores- 


‘cent protein tracer has, however, recently been recom- 


mended (Chadwick, McEntegart, and Nairn, 1958). 
This compound has a brilliant red fluorescence in aque- 
ous solution; in the form of its sulfonyl chloride it can 
be easily combined with serum proteins, without de- 
naturation, to yield stable conjugates which have a 
brilliant orange fluorescence. Other sulfonic acid deriva- 


S tives have also been investigated. Stable fluorescent 


conjugates of ovalbumin and bovine serum albumin 
have been prepared with 1-dimethylaminonaphthalene- 
5-sulfonyl chloride (Weber, 1952a, b). The same com- 
pound has been used for the localization of embryonic 
antigens (Clayton, 1954). The absorption of sulfonic 
acid derivatives of 1- and 2-naphthylamine with 1-, 2-, 
or 3-sulfonic acid groupings on bovine serum albumin 
has been studied by fluorescent microscopic techniques 
(Laurence, 1952). The fluorescent compound 1-dimeth- 
ylaminonaphthalene-5-sulfonamido polymyxin, which is 
comparable in biological activity to polymyxin, has 
heen used to investigate the site of its antibiotic action 
(Newton, 1955). A fluorescent dichloro-triaziny] dye has 


| been employed (Hess and Pearse, 1959) for the labeling 
| of antibodies, the tracing of antigens (ovalbumin, serum 


albumin, and gamma globulin), and the demonstration 
of antigen-antibody reactions in tissue sections. 
It is apparent that induced fluorescence is of sub- 


» stantial value to the microbiologist and has become an 
) Integral part of the biologist’s armamentarium. It is 
‘ only during the last decade, however, that it has been 





applied to any great extent to the investigation of mi- 
crobiological problems. Applications of induced fluores- 
cence other than those mentioned will undoubtedly be 
made as the field is further explored and the techniques 
expanded and improved. 
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ABSTRACT 


ReusseR, F. (The Upjohn Company, Kalamazoo, 
Mich.). Theoretical design of continuous antibiotic 
fermentation units. Appl. Microbiol. 9:361-366. 1961.— 
4 graphic method of predicting antibiotic yields in 
continuous flow reactors is presented and discussed 
using the novobiocin fermentation as a model process. 
Extension to other antibiotic fermentations and steroid 
bioconversions is emphasized. In the case of the novo- 
hiocin fermentation it was concluded that a combina- 
tio of one growth stage and one or two antibiotic 
production stages would be the most economic reactor 
system to conduct such a fermentation on a continuous 
basis. 





Design theories of continuous chemical reactors and 
‘processes have been developed by Denbigh (1951), 
Schoenemann (1952), and Danckwerts (1953, 1954), 
but implications of their results and conclusions to 
fermentation processes may not be generally known. 

A brief discussion of 
presented in the following: 


their findings is therefore 


GENERAL ASPECTS OF ContTINUOUS FLow REACTORS 

Continuous flow reactors consist of a reaction vessel 
which is supplied with a steady flow of reactants while 
product is withdrawn continuously at the same rate, 
thus keeping the volume inside the vessel at a constant 
) level. 


Types of Reactors 

Basically there are two extremes of continuous re- 
actors; the completely mixed tank and the tubular 
type with complete mixing only in planes perpendicular 
} to the flow direction (piston flow). In an ideal piston 
flow reactor, all particles will have identical residence 
times, whereas in a completely mixed tank, they vary 
The completely 
mixed (or homogeneous) reactor can be achieved in 


around a mean residence time 7”. 


jactual practice. However, the performance of piston 
) flow reactors have been rather far from ideal in most 
cases, 


Residence Time and Spread of Residence Times 





) The time required for a single particle to pass through 
mthe reactor is called its individual residence time. The 
Mea residence time 7” (identical with the 
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“holdup time”’) is the average of all residence times of a 
given quantity of particles flowing through a given 
continuous flow system. The residence times of in- 
dividual particles may exhibit a wide spread about the 
mean residence time 7” and its extent and particular 
behavior is used to describe the type of a reactor. 
The diagrams in Fig. 1 may be obtained depending on 
the type of flow through the reactor (Schoenemann, 
1952; Danckwerts, 1954). 

Equations describing the spread of residence times 
of particles in one or multistage homogeneous tank 
systems of equal and unequal volume were developed 
by Mason and Piret (1950). Tubular systems, however, 
offer more complicated mathematical problems. Some 
theoretical treatment of these systems is given by 
Danckwerts (1953). The spread of residence times for 
any continuous system can also be determined ex- 
perimentally by injecting a marker into the incoming 
stream of the reactor and determining the fractions 
leaving the reactor at different time intervals. We 
found it convenient to inject a small quantity (1 to 
2 uc) of y-ray emitting material of appropriate half- 
life (Fe®*) into the incoming stream of reactor systems. 
The resulting spread of the tracer can then be followed 
with a scintillation counter along the system and 
in the outcoming stream without disturbing the 
equilibrium in the reactor due to multiple sampling. 
Typical results obtained from a novobiocin! fermenta- 
tion in a four-stage completely mixed tank system 
are shown in Fig. 2. 


Efficiency of Different Reactor Types 


The spread of residence times of different particles 
is of importance in determining the performance of a 


! The trade-mark of The Upjohn Company for novobiocin 
is Albamycin. 
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FIG. 1. Spread of residence times of particles in different 
reactor types. A) piston flow reactor; B) piston flow reactor with 
some longitudinal mixing; C) completely mixed tank. 
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given reactor. The spread of residence times among 
particles will be zero if the flow through the reactor is 
truly piston-like. In that case the extent of performance 
will be the same as for a batch reactor operated over 
the time 7’. However, if the spread of residence times 
among particles is significant, a part of the reactor 
will be occupied by reactants which have been present 
for a time considerably longer than 7’, while some 
reaction mixture left at a time less than 7” and the 
reaction in it was not completed. The effective operat- 
ing volume of the reactor will therefore be smaller than 
the corresponding volume of a batch reactor operating 
over the same period of time 7”. 

Danckwerts (1954) points out that for optimal out- 
put, an ideal piston flow reactor with no spread of 
residence times will be superior in its performance to a 
homogeneous reactor if the reaction rate of the par- 
ticular reaction under study decreases with concentra- 
tion. In a completely mixed reactor, the reaction rate 
will be equal to the minimal reaction rate in a batch 
or piston flow reactor operated for the same extent of 
conversion (see Fig. 3). The average reaction rate of a 
batch or tubular reactor indicated by the slope of A 
is greater than the reaction rate for a completely 
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FIG. 4. Right. Reaction rate increasing with concentration 
(Danckwerts, 1954). A) tubular reactor; B) completely mixed 
tank. 
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mixed tank as indicated by slope B. The cor ept yilj 
reverse if the reaction rate increases with conc: 
as in autocatalytic processes (see Fig. 4). Th: 


tration, 
Average 
ated by 
rate for 


reaction rate of a batch or tubular reactor ind 
the slope of A is then smaller than the reactio: 


a completely mixed tank as shown by the slope oj 
B for the same extent of completion of  ‘eaction, 
This shows that in the case of an autocatalytir proces 
the output per unit reactor volume of a completely 


mixed reactor will be superior to that of a batch o 
tubular type. 


Methods of Predicting Yields in Continuous Flow Reactors 


The yield to be expected in completely mixed tanks 
as well as tubular systems is determined primarily by 
the spread of residence times of particles in the system, 
the reaction kinetics of the particular process and the 
holdup time of the system. If the spread of residence 
times of particles and the reaction kinetics of the batch 
process can be expressed in mathematical form, theif 
the yield of product can be calculated by substituting 
these values in the following mass-balance equation 
Rate of input + rate of increase 

= rate of formation — rate of output 


If such differential equations offer a solution, yield ca 


be calculated. However, such equations do not alway 
offer a simple mathematical solution but once steady§ 
state conditions have been approached in a continuow 


system it is evident that the rate of increase of a give 
component in the system tends to become zero. | 
that case, the differential equation may be reduce 
to a simple algebraic expression which has a “ee 
applying to the steady-state, even when the differenti: 
equation for the transient state offers no_ solution 
In cases where neither the course of a batch reactiw 
nor the distribution of residence times of particles for 
given reactor can be expressed in a closed math 
matical form, numerical or graphical solutions a) 
usually available. 

The following data have to be procured for a graphit 
solution (see Fig. 5) (MacMullin and Weber, 1%! 
Schoenemann, 1952): 

1) Course of a batch process for a particular reactio! 

2) Establishment of the spread of residence tin? 
curve of a tracer flowing through the same reactil| 
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Note that the particular reaction mixture under stu! 


has to be used for this experiment. 
Some notations: 
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ice Ms BSI 





T = time required for 100% completion of reactitil 
in a batch } 

t = sampling time 

P = 100% completion of reaction at time 7 

p = per cent completion of reaction at time / [ 

C = total concentration (100%) of tracer added 
the system at time t = 0 

c¢ = concentration of tracer still in system at tin! 
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The course of the batch reaction conducted in the 
ractor is plotted in relative values as p/P on the 
dinate vs. t/T on the abscissa as shown in Fig. 5. 
(On the lower side of the same abscissa, the proportion 
of particles still in the system (c/C vs. t/T) is also 
plotted for the same time period. The proportion of 
particles still present at 4 T correspond to a certain 
amount of product formation (e.g., in Fig. 5) 40% of 
the particles are still present at time 4/7’, thus reacting 
toan extent from 0 to 68%. A number of corresponding 
values for p/P and c/C are then plotted on a second 
graph as shown in Fig. 6, with p/P as ordinate and 
«(as abscissa, thus eliminating time. The different 








d tanks points connected together will yield a curve where the 
wily bye area below the curve represents the steady-state yield 
system.[f to be expected in the outlet of the system. Its numerical 
and the value is obtained by graphical integration using Simp- 
osidencefe son’s rule or the trapezoidal rule (Granville, Smith, 
1e batch and Longley, 1946). 
m, theuft This method applies only to reactions where the rate 
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decreases with concentration. It does not apply to 
autocatalytic reactions such as microbial growth since 
the reaction rate in such processes is proportional to 
the amount of product present in the system. 

All continuous processes may have some particular 
As a 
consequence of intermixing of different reaction phases, 
reactants, and transient and end products are present 
simultaneously in substantial and constant amounts 
once steady-state conditions are reached. This may have 
implications due to the fact that competing side reac- 
tions may take place within the reactor. The same 
phenomenon may also have adverse effects on reaction 
equilibria, excercise inhibitory effects in biological 
processes, or have other effects on the desired reaction. 
In such cases, batch data are of limited use at best for 
predicting yields in continuous reactors. 


implications not common to batch reactions: 


APPLICATION TO DESIGN OF CONTINUOUS ANTIBIOTIC 
FERMENTATION UNITS 


General Considerations 


The production of most antibiotics includes at least 
two successive steps: (i) the production of microbial 
cells and (ii) the biosynthesis of the antibiotic by the 
cells after a certain time lapse. Since the growth process 
of microorganisms is autocatalytic, the most effective 
reactor for cell production will be a completely mixed 
fermentor. The second step, the formation of the 
antibiotic by the cells, is an indirect or pseudoauto- 
catalytic reaction since it lags cell formation in respect 
to time. For most efficient operation, the second step 
should therefore be conducted in a tubular reactor with 
no spread of residence times, due to the implication 
that in completely mixed tanks and tubular reactors 
with some longitudinal intermixing, a substantial por- 
tion of cells will leave the svstem before they have a 
chance to contribute to antibiotic formation, whereas 
a substantial portion of cells remain in the system for a 
time period much longer than necessary for the elabora- 
tion of the antibiotic. This will reduce the actual output 
of the vessel in comparison to a batch or true piston 
flow reactor having the same volumes and operating 
over the same period of time. 

The most efficient reactor system to conduct anti- 
biotic fermentations should therefore be a combination 
of a completely mixed tank (cell generator) and a 
piston flow reactor (antibiotic formation). This pro- 
posed sequence of reactors should yield a higher output 
per unit reaction volume than either of these types 
alone. However, the volumes of both reactc”s have to be 
kept in proper proportions to maintain the holdup time 
at an optimum for both reaction phases. Since it is 
impossible to construct a truly piston flow reactor, the 
equations developed by Mason and Piret (1950) imply 
that such flow conditions are conveniently approxi- 









mated using a completely mixed, multistage system 
with a large number of vessels of equal size. If vessels 
of irregular sizes are used, the spread of residence times 
of the cells in the system will increase and yields will 
decrease accordingly. 


Prediction of Yields in Continuous Antibiotic 
Fermentation Systems 


Due to the complexity of such reactions both reac- 
tion steps discussed above are conveniently analyzed 
by two different graphical systems according to their 
different kinetics: 

Cell growth. Since cell growth is autocatalytic, cell 
proliferation should be limited chiefly to the first 
stage of a multistirred tank system to insure most 
efficient operation of this phase of the process. To 
achieve this, a point relatively high along the cell 
growth curve should be chosen for operation as in- 
dicated by A in Fig. 7. The holdup time necessary for 
maintenance of the desired cell density can be de- 
termined graphically by the method of Luedeking and 
Piret (1960). 

Antibiotic formation. The antibiotic level in the 
first stage will be relatively low and the spread of 
residence times of the cells leaving this stage relatively 
narrow and can therefore be neglected. The approxi- 
mate antibiotic titer to be expected in the cell generator 
is indicated graphically at the point of intersection 
B (see Fig. 7) where a straight line drawn perpendicular 
to the abscissa through point A intersects the anti- 
biotic formation curve. This value will be slightly too 
high due to the negligence of the spread of residence 
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times of the cells in the first stage. Since by 0): ration] 
means growth is limited essentially to stage 1, « itibiotic 
formation in any subsequent stages will be p: iarily 
function of the spread of residence time: of the 
mycelium in the remaining stages. 

The yield to be expected in these stages can ‘ herefore 
be determined by applying the graphical method of 
MacMullin and Weber (1935) and Schoenemaiii (1952) 
as indicated in Fig. 7. 


A pplication to Novobiocin Fermentation 


This method of predicting yields was applied to the 
novobiocin fermentation. The basic batch data for 
these calculations are assembled in Fig. 7. 

Cell formation. The appropriate holdup time for the 
maintenance of a cell concentration of 85% of the 
maximal possible batch value in the first stage as in- 
dicated by A in Fig. 7 was determined as outlined jn 
lig. 8. The slope of the straight line passing through 
the origin and A had a numerical value of 0.0417 hr“, 
thus corresponding to a holdup time of ~24 hr for the 
first stage. 

Novobiocin formation. The novobiocin level to be 
expected in the first stage should be approximately 























29% as indicated by B in Fig. 7. Novobiocin yields to § 


be expected in the subsequent antibiotic production 
system were calculated graphically as outlined in 
Fig. 7. It was of interest to compare different anti- 
biotic production systems which have the same total 
volume (V;,) and hence the same total holdup time. 
Therefore, novobiocin yields for a one-vessel system = 
V;.; a two-vessel system, each with volume JV,/2; 
a nine-vessel system (V;./9 per vessel) and an © vessel 
system (V;,/% per vessel) were calculated, assuming 
completely mixed conditions within each vessel. Note 
that the cell generator (stage 1) was excluded in 
these numbers of vessels. The spread of residence 
times curves were constructed using the equation 
of Mason and Piret (1950). 











E 
5 ! 
uJ 
3 34 | 
Fan) | 
w So | 
ee , 
Zw 
a ] 
en 27 | 
Zo 5 4 
ew ~Slope = 0.0417 hr7 | 
oo | 
5 14 ey T= 26 br | 
wa 
o | 
~) | 
a 
= i 
| 
T T T T 1 
20 40 60 80 100 


COMPLETION OF CELL GROWTH (PER CENT/ml) 


FIG. 8. Graphical determination of the holdup time necessar)) 
for the maintenance of a cell density of 85% of the maxim 


batch value. 


al 










1961] 


Rest 
shows 
reactic 
(antib: 
10 she 
tems 
genera 
the co 
includ 
were 
transit 
ductiv 
slight] 
state 
tion 1 
indies 


FIG. 


tion in 


oO oO =] -_ 


* 


PRODUCTIVITY (PER CENT COMPLETION OF NOVOBIOCIN 


FORMATION /OVER-ALL HOLDUP TIME, HR ) 


B fermey 
; 


B Over-al 





[VoL, bt) 


rational 
itibiotic 
iarily a 
of the 


herefore 
‘thod of 
i (1952) 


d to the 
data for 


e for the 
> Of the 
pe as in- 
tlined in 
through 
417 hr“, 
i for the 


el to be 
ximately 
yields to 
‘oduction 
lined in 
ent anti- 
me total 
up time. 
ystem = 
ie V,/2: 
co vessel 
assuming 
sel. Note 
luded in 
residence 
quations 


-_ 
100 
) 


> necessar 


e maxim 











1961] 





Results were assembled in Fig. 9 and 10. Figure 9 
shows a plot of the fraction of completion of the 
reaction to be expected with different reactor systems 
(antibiotic formation phase) and holdup times. Figure 
10 shows a plot of productivities of the different sys- 
tems vs. holdup times for the over-all process (cell 
generation and antibiotic formation). For comparison, 
the corresponding data of a batch reaction were also 
included. The productivities of all continuous systems 
were calculated on the basis of steady states. The 
transient state was not taken into account. The pro- 
ductivities shown in Fig. 10 should, therefore, be 
slightly lower, depending on the length of the transient 
state during startups and the total time the opera- 
tion is expected to run before shutdown. Figure 10 
indicates that the productivities of continuous novo- 
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biocin fermentation systems vs. batch systems will 
decrease as the holdup time increases. At short holdup 
times, productivities will be extremely high, whereas 
the product concentration in the outlet will be ac- 
cordingly low, which is uneconomical for subsequent 
filtration and extraction operations. 

Figure 10 indicates that productivity increases as the 
fixed total volume of the antibiotic formation stage is 
divided into an increasing number of individual small 
vessels of equal size in an effort to reduce the spread 
of residence times of the cells. However, the resulting 
increase in productivity is progressively diminishing 
with increasing number of vessels for a fixed holdup 
time as illustrated in Fig. 11. Therefore, a subdivision 
of the fixed total volume of the antibiotic formation 
stage in more than one (short holdup times) or two 
vessels (longer holdup times) is not rectified eco- 
nomically in the case of the novobiocin fermentation. 


DISCUSSION 


The results indicate that the most economical re- 
actor system to conduct continuous novobiocin fermen- 
tations would be a combination of a cell growth stage 
and one or two antibiotic production stages. Holdup 
times and hence volumes of cell generator vs. antibiotic 
production stages will have to be kept in proper 
relation given by economic considerations to keep 
productivity and absolute titer in the output at a 
proper equilibrium to insure maximal efficiency of the 
unit. 

In principle the above described method can also 
be applied to continuous steroid bioconversions. 

We wish to stress the approximate nature of the pre- 
sented method of predicting yields in continuous flow 
reactors on the basis of performances of batch reactors. 
As a consequence of varying degrees of intermixing 
during continuous operations, reactants, intermediates, 
and end products will be present in substantial con- 
stant amounts once steady-state conditions are reached. 
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This may lead to the occurrence of unwanted side reac- 
tions, affect reaction rates, or exercise inhibitory or 
toxic effects in biological processes. Under such con- 
ditions, batch data will be of very limited use for 
predicting the performance of continuous reactors. 
prove 
very helpful for the initial design and operation of 
pilot units and the preparation of preliminary cost 
estimates. Experimental verification of the theoretical 
results will ultimately be required. 


However, the method described may still 
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ABSTRACT 


Reusser, F. (The Upjohn Company, Kalamazoo, 
Mich.). Continuous fermentation of novobiocin. Appl. 
Microbiol. 9:366-370. 1961.—Continuous fermentation 
trials with Streptomyces niveus in a nine-stage fermenta- 
tion system (7-liter reaction volume per stage) in- 
dicated that the cultures used gradually lost their 
ability to produce novobiocin when cultured over 
periods from 10 to 25 days. It was found that mycelial 
degeneration could be circumvented by operational 
means during continuous culture using the following 
technique: Two interchangeable 24-liter stages were in- 
stalled at the front end of the nine-stage system and 
connected in parallel with the latter. Alternatingly one 
of these two tanks was then used as first stage of the 
continuous fermentation system. The holdup time in 


the first vessel was adjusted to limit cell growth chiefly 
to this stage so that most of the antibiotic production 
took place in subsequent stages. The first stages were 
switched at approximately weekly intervals. Each of 
the new tanks was prepared as a batch, inoculated with 
a high-producing cell population, and allowed to grow 
for 3 days before it was connected to the remaining 
system for continuous operation. Using this technique 


no evidence of culture degeneration was encountered in 





subsequent novobiocin production stages over a period 
of 33 days. In conventional runs without periodic 
replacement of the first stage, culture degeneration 
with the novobiocin fermentation occurred within a 
period of 10 to 25 days of continuous operation. This 
that the described technique 
offers a solution to the problem of maintaining high 
steady-state titers in continuous novobiocin fermenta- 


observation indicates 


tions. Extension of this technique to other continuous | 
» s . . \ 
fermentations where culture degeneration is a problem 


is indicated. 





An excellent review of the current pertinent literature | 


and status of continuous antibiotic fermentation pro- 
cesses, by Gerhardt and Bartlett (1959), indicates that, 
although several laboratories are known to have in- 
vestigated the feasibility of continuous antibiotic fer- 
mentations, few data have been published to date. 
The main problem in the development of successful 
continuous antibiotic processes involves culture de- 


generation. Most industrially important antibiotics are 
produced by polynucleate microorganisms (Sérepte- 
myces, Penicillium) where the maintenance of a high- 
producing genetical composition within a given popt 


lation upon repeated transfer has proved very difficult 
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Ample evidence for progressive loss of ability to 
produce a certain antibiotic by Streptomyces upon re- 
yeated transfer has been presented in the literature 
(Williams and McCoy, 1953; Perlman, Greenfield, and 
(Brien, 1954; Reusser, Koepsell, and Savage, 1961). 
Quite extensive continuous fermentation studies have 
heen carried out with Streptomyces strains producing 
three different antibiotics which were propagated in 
submerged culture over periods from 30 to 60 days of 
continuous operation. All strains without exception 
showed a progressive loss of their ability to produce 
antibiotics. In some cases this ability was completely 
lost. Based on literature reports and our own experience, 
it is concluded that progressive loss of the ability to 
produce antibiotics is a general phenomenon among 
Streptomyces. 

The present paper describes a method which circum- 
vents loss of biosynthetic potential despite unstable 
cultures in continuous fermentations. The novobiocin! 
fermentation was used as a model process. 


MATERIALS AND METHODS 


Continuous Fermentation System 

apparatus used will be 
described elsewhere and only details pertinent to the 
present work are therefore mentioned here. The appa- 
ratus was of small pilot plant style and fabricated 


Mechanical aspects of the 


wholly of stainless steel. In principle, it consisted of a 
multistage system of nine stages having a reaction 
volume of approximately 7 liters each. In later experi- 
ments, as outlined in the text below, two 24-liter stain- 
less steel stages were connected in parallel ahead of the 
nine-stage system and used alternatingly as first stages 
thus increasing the total number of stages to ten. All 
stages were equipped with the usual accessories of con- 
ventional tanks such as air spargers, baffles, agitators, 
sample valves, temperature controls, and antifoam 
systems. 

The level of culture in each stage was kept constant 
by horizontal overflow to the neighboring vessel and 
finally to the drain. No separate air exhaust lines were 
used. Air was sterilized through filters packed with 
glass wool. Air flow rates were controlled through ro- 
tameters adjusted manually by needle valves. Sterile 
medium was metered into stage 1 by a device delivering 
constant amounts of medium at adjustable short time 
intervals controlled by an electric timer. Sterile medium 
Was prepared and stored in two 400-liter standard 
fermentors (operating volume, 200 liters) which were 
used alternatingly to provide continuous feed to the 
fermentation system. Temperatures were kept constant 


at 30 C by circulating thermostatically controlled water 


' The trade-mark of The Upjohn Company for novobiocin 


}is Albamyein. 
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through the jacket of each stage. Foam levels were 
controlled by continuous additions of sterile lard oil. 

Operation. The complete fermentation system was 
steam sterilized empty for 2 hrs at 24 psi pressure. 
The apparatus was cooled and charged with sterile 
medium. The first stage was then inoculated with 30 
liters of a 3-day-old batch culture and continuous feed 
was started 2 or 3 hr after inoculation. The reaction 
volume of each stage was approximately 7 liters. 

Sampling. Samples of all stages and feed tanks were 
withdrawn daily and examined microscopically for con- 
tamination, and tested for pH value, wet solid matter, 
total carbohydrate, and novobiocin. 

Organism. The organism used throughout these ex- 
periments was Streptomyces niveus strain BC-342. To 
ensure initial culture homogeneity it was isolated as a 
single conidium from a high-producing population. 

Medium. The medium used had the following compo- 
sition per liter: glucose monohydrate, 40 g; distiller’s 
solubles,? 40 g; lard oil, 1 ml; tap water to 1 liter; pH 
was adjusted to 8.0 with concentrated NaOH before 
sterilization. 


Analytical Methods 

Total carbohydrates were determined by the an- 
throne method as described by Neish (1952). Spin 
solids were used as a relative measure of mycelial 
growth. Since the medium per se contained appreciable 
amounts of solids, no true mycelial weight could be 
obtained. The following method was used: A 10-ml 
sample aliquot was withdrawn directly from each stage 
into a graduated centrifuge tube. The tubes were spun 
for 20 min at 2,000 rev/min and read immediately 
after the centrifuge had come to a stop. Both the total 
volume remaining after centrifugation and the volume 
of solids were read and recorded. The value of per cent 
solids in the medium was calculated according to the 
formula: 


volume of solids, ml 





Per cent solids = 100. 


total volume after spin, ml 
Novobiocin was determined spectrophotometrically as 
described by Smith et al. (1958) and the values were 
uncorrected for isonovobiocin. 


RESULTS 

Several test runs with the novobiocin fermentation 
were conducted in the nine-stage reactor. The feed 
rate was adjusted to give a holdup time of 15 hr per 
stage thus accounting for an over-all holdup time of 
approximately 135 hr. Air flow rates were adjusted to 
10 liters: min:stage. 

Results of a typical run are shown in Fig. 1 through 
3. Steady-state conditions at the outlet were attained 


2 Brown Forman Company, Louisville, Kentucky. 
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on about the seventh operational day at an output 
titer of approximately 400 wg of novobiocin per ml of 
culture medium. Steady state conditions were main- 
tained until the 25th day, whereupon loss of activity 
occurred progressively and the output titer on the 
33rd day had dropped to 172 ug of novobiocin per ml. 
Other runs operated under the same conditions cor- 
roborated the results of this run. As outlined in another 
paper (Reusser, 1961), antibiotic processes consist of 
at least two successive phases: (i) the generation of 
cells and (ii) the elaboration of antibiotic by these 
cells. Although the amount of antibiotic formed is 
proportional to the amount of cells present in the 
reactor, antibiotic formation lags behind cell formation 
in respect to time. Therefore, it seems feasible to sepa- 
rate cell growth and antibiotic formation to a large 
extent in continuous multistage reactors by proper ad- 
justment of holdup times in stage. The first 
stage(s) where cell growth occurs and only minor 
amounts of antibiotic are produced can be replaced with 
high-producing culture at a time interval shorter than 


each 
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that. required for culture degeneration to oc: «1. The 
antibiotic formation phase of the process taking ) lace jy 
subsequent stages should then be maintained at | steady 
high output titer over an indefinite period of time 
despite culture degeneration. In other words, t!i whole 
process is divided spatially by operational me:ins into 
the two phases mentioned above where the firsi phase 
(cell growth) is operated continuously over » much 


shorter time cycle than the second phase (aiitibiotic 
production). This proposal was tested with the novo- 
biocin fermentation. 

Two 24-liter tanks were installed at the head end of 
the nine-stage reactor and connected in parallel with 
the latter. Alternatingly, one of the two 24-liter tanks 
was used as the first stage of the continuous fermen- 
tation system, where sterile medium was supplied con- 
tinuously. The feed rate (1 liter/min), corresponding 
to a holdup time of 24 hr for the first stage, was selected 
to essentially limit cell growth to this first tank. A 
comparison between the observed values of the spin 
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_ The | solids in stages 1 and 2 (Fig. 4 and 5), indicates that was not always done at regular intervals and the actual 
lace in | growth was indeed limited chiefly to stage 1. Since one times of change are indicated in Fig. 4 to 6. Antibiotic 
steady 9 of the 24-liter tanks was connected at all times through titers in stage 2 (first antibiotic production stage) and 
f time a horizontal overflow line with the remaining nine stage 10 (output titer) are assembled in Fig. 5 and 6. 
whole | stages, these later stages served strictly as antibiotic The run was operated for 33 days and was discontinued 
as into | production vessels. Each of the stages had a holdup due to contamination. An average output titer of 500 
phase J time of 7 hr thus accounting for an over-all holdup ug of novobiocin per ml was maintained over the entire 
much | time of 87 hr for the whole ten-stage system. period. No evidence of culture degeneration was ob- 
uitibiotie It was our intention to switch the two growth stages served. In earlier fermentations without periodic re- 
ne novo. | (24liter tanks) at weekly intervals. Each of these new placement of the cell growth stage, progressive loss of 
tanks was prestarted as a batch, inoculated with a activity in the output generally occurred within 10 to 
d end of | high-producing cell population, and allowed to grow 25 days of continuous operation. 
lel with | for 3 days before it was connected to the remaining 
er tanks | system for continuous operation, thus supplying con- Discussion 
fermen. | stantly fresh high-producing mycelium to the remaining The results obtained with this run indicate that the 
lied con. | stages (2 to 10). Due to occasional mechanical or con- replacement of the cell production stage(s) at short 
sponding tamination difficulties, the exchange of the first stages intervals with a freshly prepared growth stage definitely 
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offers a solution to the problem of maintaining high 
steady-state outputs in continuous novobiocin fermen- 
tations. Extension of this technique to other continuous 
antibiotic fermentations appears entirely feasible. 

Operational difficulties were encountered very seldom 
with this rather complex fermentation system over 
long periods of time. Most runs lasted from 2 to 3 
months without any detectable contamination with 
foreign organisms and were generally discontinued 
voluntarily due to low titers in the output. 

The main emphasis in these experiments was on the 
establishment of prolongated steady states in continu- 
ous novobiocin fermentation processes. No special at- 
tention was given to the establishment of optimal 
operational variables such as different aeration levels, 
temperature or pH variations, addition of precursors to 
different stages, etc. Actual output titers obtained in 
our trials do therefore not necessarily represent maxi- 
mal obtainable outputs to be expected with such oper- 
ations. On the contrary, it is suspected that upon proper 
adjustment of all operational variables, productivities, 
and absolute product concentration in the outlet of 
such reactors could be increased considerably. Also, 
Malek (1958) has amply emphasized the possibility 
that physiological states of continuous vs. batch cul- 
tures may differ entirely, and quantitative and quali- 
tative differences between the two culturing methods 
may result. 

The time interval of 7 days for the replacement of 
the growth stage was chosen arbitrarily. An experi- 
mental determination concerning the maximal possible 
time interval to be used before culture degeneration 
occurs was not done. 

The possibility of withdrawing aseptically the whole 
content of stage 1 at periodic intervals without re- 
sterilization was also explored. The tank was flushed 
several times with sterile water and charged with 24 


th periodit | ric. 6. Continuous novobiocin fermentation with periodic 
yydrate and j replacement of first stage. Novobiocin, total carbohydrate and 
. 9 


) per cent spin solids in stage 10. 
a 


liters of a 3-day-old fresh, high-producing batch culture. 
This operation proved unsuccessful and titer loss oc- 
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curred in spite of the replacement of content of stage 1 
due to interaction of remaining mycelium on the agi- 
tator shaft and tank walls with the freshly supplied 
mycelium. 
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ABSTRACT 


MartTeuul, H. L. (University of Brazil, Rio de 
Janeiro), and H. F. K. Dirrmar. Cacao fermentation. 
V. Yeasts isolated from cacao beans during the curing 
process. Appl. Microbiol. 9:370-371. 1961. 
beans must be subjected to fermentation before they 


Cacao 


are used in making chocolate, and their commercial 
value is related to a proper procedure. Saccharomyces 
roset, Hansenula anomala, Pichia fermentans, Pichia 
membranaefaciens, and Trichosporon cutaneum were 
found in fermenting cacao beans. All species isolated 
during the investigation grew on cacao pulp, but only 
S. roset, H. anomala, and P. fermentans exhibited fer- 
menting capacity on the sugars of cacao pulp. Species 
of the genus Saccharomyces were identified as the agents 
responsible for the alcoholic phase of the cacao fermen- 
tation. 
a 


Before being used in making chocolate, cacao beans 
are subjected to a curing process known as cacao fer- 
mentation. The pulp and the beans from ripe fruits are 
accumulated in large wooden tanks and an alcoholic 
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fermentation starts, followed later by an acetic phase | 





(Martelli, 1955a). Through this process the temperature f 
of the mass rises to 50 C, the embryo of the bean dies, 7 
and autolysis of the cotyledons is induced; then, the § 
polyphenolic substances of the beans are liberated and 

transformed (Martelli, 1955b, c). The beans becom 

brown and sweet, and upon roasting develop the typical 

smell of cocoa. Although a proper fermentation is es 

sential to obtain a product of value (Martelli, 1960), 7 
existing knowledge about the yeasts participating inj) 
the alcoholic phase is very incomplete, and forme! 
descriptions of some species isolated from cacao fer- 
mentations do not fit into the system of yeast classifi- 
cation in current use. A case in point is the species 
isolated by Preyer (1913) and described as Saccharo- 
myces theobroma, later reclassified by Knapp (1937) a) 
Torulopsis theobroma, but no longer recognized by 

Lodder and Van Rij (1952). A similar situation exists 
for the species referred to by Ciferri (1931). Martelli 
(1955d) isolated a yeast from the husk and from the# 
beans in fermentation which undoubtedly participated } 
in the alcoholic process. That organism was reporte()) 
at the time to represent 7. theobroma, but was late] 
reclassified as Saccharomyces carlsbergensis. In the study) 
reported here, strains of yeast were isolated from several 
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fermenting batches and classified according to the sys- 
tem of Lodder and Van Rij (1952). Considerations 
about its role in the process are also presented. 


MATERIALS AND METHODS 


Beans? of the Forastero type from Bahia were col- 
lected from several batches in different stages of fer- 
mentation, others not yet fermented, and some dried 
and ready for sale. Enrichment cultures were made in 
1955d) and in 
glucose broth and kept at room temperature. The iso- 


molasses-ammonia medium (Martelli, 


lations were made in plates of malt-infusion agar, also 
incubated at room temperature for several days; with 
frequent observation, all different types of colonies 
were picked. The pure cultures thus isolated were 
studied and classified according to Lodder and Van 
tij (1952). 


RESULTS AND Discussion 

1) Saccharomyces rosei (Guill.) Lodder and Van Rij. 
Strain no. 1: from fresh beans. Strain no. 2: from beans 
in the first day of fermentation. Both strains showed 
the characters of the prototype. 

2) Hansenula anomala (Hansen) H. P. Sydow. Strain 
no. 3: isolated from beans not yet fermented. All the 
characters of the prototype were present, with a re- 
markable tendency to produce esters. 

3) Pichia membranaefaciens Hansen. Strain no. 4: 
from the material in the fifth day of fermentation. 
Strain no. 5: from the material in the seventh day of 
fermentation. Both specimens possessed the character- 


) istics of the prototype. 


4) Pichia fermentans Lodder. Strain no. 6: isolated 
from fresh beans, before fermentation started. The 
fundamental characters were those of the prototype. 
In the isolated strain, spores in helmet form were always 
observed; also a whitish, thick, and wrinkled pellicle 
soon formed. The latter is not a characteristic of the 
prototype, but it is observed in Pichia dombrowski 


identical to P. fermentans. 

5) Trichosporon cutaneum (de Beurm et al.) Ota. 
)Strain no. 7: isolated from fermented beans ready for 
sale. Strain no. 8: from beans in the very late stage of 
‘fermentation. Both isolates presented the character- 
istics of the prototype. 

To confirm these results, cultures were made with 
ithe isolated strains on a medium obtained from steri- 
jlized cacao fruit pulp.2 Growth and fermentative ca- 
A pacity were recorded, the latter measured by gas pro- 
}duetion in a Durham tube. The sugar content of the 
: 


ipulp was adjusted to 10°% and the pH to 4.0, and the 


Ss reported} 


was later? 
1 the study§ 


‘om several 





* Obtained from the Estacgio Experimental do Instituto do 
‘aecnxo da Bahia, Uracuea, Bahia, Brasil. 
‘ 
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TABLE 1. Growth and fermentation of yeasts isolated from cacao 
fermentation when inoculated into a medium composed 
of sterilized cacao pulp 


Yeasts ( hosel ) { nm ) 
Saccharomyces rosei. + + 
Hansenula anomala. . ; ~ + 
Pichia membranaefaciens. ; _ _ 
Pichia fermentans. . + +- 
Trichosporon cutaneum...... = 


tests were carried on at room temperature for 7 days. 
The results are shown in Table 1. 

All of aforementioned strains grew well in cacao pulp, 
as could be expected considering its composition, as 
previously determined by Dittmar (1956). Since glucose 
is the main sugar present in cacao pulp, the fermen- 
tation tests of the laboratory were confirmed in nature. 
The fermentative species were found in the beans not 
yet fermented, or in the first day of fermentation, as 
expected. Because of the prior isolation of S. carls- 
bergensis from beans in the first phase of the fermen- 
tation (Martelli, 1955d) it is concluded that the alco- 
holic phase of the cacao fermentation is carried on by 
fermentative yeasts of the genus Saccharomyces. 
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ABSTRACT 


GoopMAN, JosEPH J. (American Cyanamid Company 
Pearl River, N. Y.), AND LELAND L. SmMiru. 
Hydroxy steroids. XI. 28- and 16a-Hydroxylation of 
9a-fluorohydrocortisone by strains of Streptomyces roseo- 
chromogenes. Appl. Microbiol. 9:372-375. 1961.—9a- 
Fluorohydrocortisone is hydroxylated by Streptomyces 
roseochromogenes in the l6a-, the 28-, and in both the 
16a- and 28- positions. 16a-Hydroxylation appears to 
be the more predominant and rapid pathway of trans- 
formation. The degree of 26-hydroxylation is dependent 
upon the strain used and may be increased to the point 
of its being a major route or virtually eliminated by the 
proper selection of isolates. 
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Microbiological 28-hydroxylation of A*-3-ketosteroids 
has been reported from several laboratories. The 
28-monohydroxylation of Reichstein’s Substance S 
(17a,21 - dihydroxy - 4 - pregnene - 3, 
achieved with several unidentified Streptomyces sp. 
(Herzog et al., 1957). Monohydroxylation in the la- 
and 26-positions of 4-androstene-3,17-dione was ob- 
tained with the use of a Penicillium sp. (Dodson, 
Goldcamp, and Muir, 1957, 1960). Similar monohy- 
droxylation at the 1£- and 28-positions of Reichstein’s 
Substance S was obtained with Rhizoctonia ferrugena 
(Greenspan et al., 1957). More recently, 28-hydroxyl- 
ation libertiana. De- 
pending upon the substrate used this was accompanied 
by hydroxylation in the lla-, 118-, and 158-positions. 
In the case of progesterone there occurred a dihydroxyl- 
ation in both the 28- and 158-positions (Shirasaka, 
Tsuruta, and Nakamura, 1958; Shirasaka et al., 1959; 
Tanabe et al., 1959). 

We have found that Streptomyces roseochromogenes, 
in addition to hydroxylating 9a-fluorohydrocortisone 
in the 16a-position (Thoma et al., 1957), is able to 
affect hydroxylation in the 26-position to yield both 
26-hydroxy-9a-fluorohydrocortisone and the 28, 16a- 


20 - dione) was 


was achieved with Sclerotinia 


dihydroxy-9a-fluorohydrocortisone. The isolation and 
structure proof of the 26-hydroxylated products are 
presented elsewhere (Smith et al., 1961). The degree 
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of 28-hydroxylation was found to be highly strain de- — 1960a 
pendent. This aspect and some of the kinetics of 28- produ 
hydroxylation of 9a-fluorohydrocortisone are the sub- liably 
ject of this paper. posi | 
MATERIALS AND METHODS been 

presen 

Cultures. Two parental strains of S. roseochromogenes | grains 
were used. These were no. 3689 in the Waksman Culture On 
Collection, Rutgers University, and ATCC no. 3347. siuaiees 
A number of natural isolates from each of these parental iat ail 
strains were selected by H. Bishop and M. Darken of 
these Laboratories. 

Medium and incubation conditions. The corn steep mee! 
liquor medium and the incubation conditions for the 
transformation of 9a-fluorohydrocortisone have _pre- 
viously been described (Goodman and Smith, 1960). 

Other media such as the soybean meal medium of 
Thoma et al. (1957) were also tested. Except for minor 
differences in rates, the over-all pattern of transfor- 
mation was similar for all media tested. In the work § waksm. 


reported here the corn steep liquor medium was used |) ATCC : 
exclusively. l 
Analytical methods. Paper chromatography, particu- es 
larly system II of Smith et al., (1959), was extensively} ang ry 
relied upon for the identification of products. In this}, + Oth 
system the mobilities relative to 9a-fluoro-16a-hydroxy- | 
hydrocortisone as unity were: 9a-fluorohydrocortisone, 95.5). 2 


* 


1.6; 26-hydroxy-9a-fluorohydrocortisone, 0.9; 26, 16a-)) two st 
dihydroxy-9a-fluorohydrocortisone, 0.33; and 26, l6a- 
dihydroxy-9a-fluorohydrocortisone isomer 0.15. Papel 
chromatograms were quantitated using a method in- 
volving the measurement of the fluorescence under Parent 
ultraviolet light of paper chromatograms treated with! 
isonicotinic acid hydrazide or by a method involving) 
the measurement of reflected ultraviolet light. a 
Waksma 
3689 


RESULTS 


Examination of paper chromatograms for runs made ATCC 1 
under a variety of experimental conditions disclosed : 
marked difference in the by-product spectrum obtained}, 
with the Waksman culture and with the ATTC culture|) * See § 
In both cases 9a-fluoro-16a-hydroxyhydrocortisone wai}) f Cult 


the major product ranging in amounts from 80 to 90° le ” 
pments by 


of the (otal steroids found after 72 hr of fermentation. 
The former strain typically produced nonreducing 
steroidal by-products. These alterations will be dis- 
cussed in a Separate communication. With ATCC no. 
9347, two major by-products which reduced blue tetra- 
jolium were found. The first of these was identified as 
98-hydroxy-9a-fluorohydrocortisone, and the second ¢ 
98, 16a-dihydroxy-9a-fluorohydrocortisone. In addition, 
4 third component was at times present. This was 
suggested to be the isomer of 26, 16a-dihydroxy-9a- 
fluorohydrocortisone analogous to that found previously 
for 9a-fluoro , 16a-hydroxyhydrocortisone (Smith et al., 


pS) 
mM 


rain de- — 1960a). With the Waksman strain, 26-hydroxylated 
: of 28- J products were only rarely found. They could be re- 
he sub- } jiably detected only in the workup of mother liquors 


from large batches of broth after other steroids had 
been extracted (Smith et al., 1960b). In Table 1 are 
presented typical 48-hr fermentation results for the two 


mrogenes F strains. 


Culture On screening natural isolates from both parental 
2947 ; : . 

oO. 3347. F trains it became apparent that some of these showed 

parental an enhanced, others a diminished ability to affect 


arken of 


TABLE 1. Distribution of steroids after 48 hr of fermentation with 


- op two strains of Streptomyces roseochromogenes 
; for the —__——— — — 


we pre- 
1, 1960). 
dium of 


Quantitative paper chromatography, per cent 
of total steroids found 


Strain used Products 





Substrate : ean in ~~ 
. } I* ] 
“ — II Ill IV Othert 
transtor- : aes F 
the work § Waksman no. 3689 7 75 0 0 18 
was used |) ATCC no. 3347 0 71 11 9 9 
. = *] = 9a-fluorohydrocortisone, II = 16a-hydroxy-9e-fluoro- 
particu- 


; hydrocortisone, III = 28-hydroxy-9a-fluorohydrocortisone, 
tensively F and IV = 28, 16a-dihydroxy-9a-fluorohydrocortisone. 
. In this 


t Other steroidal by-products. 
hydroxy: | 
ortisone, FraBie 2. Distribution of steroids after 96 hr of fermentation with 
28, 16a-) two strains of Streptomyces roseochromogenes and some of 
28 , 16a- 
5. Papel 
ethod in- 


their natural isolates 


Quantitative paper chromatography, 
per cent of total steroids found 


val » da rer 5 Natural - 7 a 

ce unde Parent culture isolate Sub- Products* 

ated with! Sern aan oe. 

: : ips e 

involving| Il Il IV 
Waksman no. Parent 0 95 0 Trace 

3689 C402 0 74 8 18 

uns made ATCC no. 3347 Parent 5 60 6 22 

lanailis C2 0 | 4/9 46 

a 409 AT 0 95 0 Trace 


. obtaineds) : 


C culture) * See footnote to Table 1. 
Lisone was} t Culture 409A was first shown to have little capacity for 
30 to 90° 8-hydroxylation with progesterone as the substrate in experi- 
ments by L. I. Feldman and B. Nielson of these Laboratories. 
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28-hydroxylation. This is illustrated in Table 2 which 
shows the results of a 96-hr fermentation with some 
selected strains compared to their parental stock. 

It will be noted from Table 2 that one of these iso- 
lates, C2, showed a strong 26-hydroxylating capacity. 
In numerous runs with this isolate the 26, 16a-dihy- 
droxylated product was the predominant steroid found. 
Figure 1 shows a comparison of this isolate with the 
parent strain sampled at 24-hr intervals. It can be seen 
that both 16a- and 28-hydroxylation occur simultane- 
ously with the former being more rapid for these strains. 
Both monohydroxylated products reach a peak after 
which they decline as the dihydroxylated terminal 
product is formed. 

Under conditions of iron exposure, the isomerized 
dihydroxylated product becomes predominant. By 
analogy based on the mode of its formation and the 
fact that the isomerization can be prevented by the 
addition of phosphate to the medium, the isomer is 
formulated as 9a-fluoro-28,118,16a,17aa-tetrahy- 
droxy - 17a8 - hydroxymethyl - 4 - p - homoandrostene- 
3,17-dione (Smith et al., 1960; Goodman and Smith, 
1960). 

Figure 2 presents the relationships of the various 
steroid species. Each of the steps illustrated was shown 
to occur separately when the indicated steroid was 
used as a substrate in experiments with the C2 strain. 
In each case the expected product was the major steroid 
found. 

It is of interest to note that no evidence of 28- 
hydroxylation could be found when 9a-fluoropredniso- 
lone was used as a substrate. The C-1,2 double bond 
in this case effectively prevented such hydroxylation. 
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FIG. 1. 16a- and 26-Hydroxylation of 9a-fluorohydrocortisone 
by two strains of Streptomyces roseochromogenes. O———O = 
9a-fluorohydrocortisone, O——O = 16a-hydroxy-9a-fluorohydro- 
cortisone, Z——@ = 286-hydroxy-9a-fluorohydrocortisone, and 
@——@ = 28,16a-dihydroxy-9a-fluorohydrocortisone. 
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DISCUSSION 

Microbiological dihydroxylation of steroids is well 
known. Instances of attack at 68, lla; 68, 14a; 168,170; 
78, lla; 7a,lla; 7a,158; 118,1l4a; lla,l7a; 118,21; 
128,15a; etc., have been reported (Vischer and Wett- 
stein 1958). Trihydroxylation at the 7a,l4a- and 15,- 
position has also been reported (Asai et al., 1959). The 
present instance of 28,16a-dihydroxylation and the 
recently reported 28, 158-dihydroxylation (Shirasaka et 
al., 1959; Tanabe et al., 1959) represent the greatest 
spatial separation of the centers of attack reported. 

The selection of specific strains or mutants of a species 
to increase its ability to affect a given transformation 
has only rarely been reported. Dulaney and Stapley 
(1959) reported that artificial mutants of a strain of 
Curvularia lunata varied in their ability to introduce 
an 116-hydroxyl group. Strain differences in the ability 
to affect multihydroxylations has also been reported. 
lizuka, Naito, and Hattori (1958) reported differences 
among ultraviolet-induced strains of various Aspergillus 
species in the amount of 68-hydroxylation which ac- 


HO 


AND L. L. SMITH 


[von 9 


companied the more predominant 1la-hydro: ylation, 
Takeda et al. (1959) reported an enhanced a ility of 
certain ultraviolet-induced mutants of Pseudomonas sp. 
to introduce an 116-hydroxyl group simultaneously with 
the more predominant C-1,2-dehydrogenation 

In the present instance the 2-hydroxylating ¢g- 
pacity among the natural isolates of S. roseochromogenes 
varied from essentially none to instances whiere the 
28-hydroxylated steroids were the most predominant 
product. In both of these cases extensive 16a-hydroxyl- 
ation also occurred. We have not yet found a strain of 
this species in which 28-hydroxylation was unaccom- 
panied by 16a-hydroxylation. In cases where 26-hy- 
droxylation is undesirable, strains with this ability 
are at a disadvantage. This disadvantage may be 
overcome by the use of a proper substrate such as 
one having a C-1,2 double bond. In this latter situa- 
tion the 28-hydroxylating strains are more efficient 
since their major by-product pathway is blocked and 
the 16a-hydroxylated product is the one almost ex- 
clusively formed. 
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III. O-Fluoro-28-hydroxyhydrocortisone 
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V. 9a-Fluoro- 16a hydroxy 
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FIG. 2. Relationships between various 28- and 16a-hydroxylated products of 9x-fluorohydrocortisone 
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In Scientific Articles, “Reaction of the Sterilant, Ethylene Oxide, on Plastics,” 
J. Tessler, Appl. Microbiol. 9: 1961, errors appear on page 256. The corrections are as 


The “Cryoxcide” is a trade name of a product supplied by the American Sterilizer 
Company, but is not manufactured by them. In addition to ethylene oxide, the product 
contains 79 per cent Freon 11 and 10 per cent Freon 12, and not 44.5 per cent of each 
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Freon as reported. The sterilization procedure used was developed for Foot-and-Mouth 
Disease Virus inactivation and should not be construed as the recommended conditions 
stipulated by the American Sterilizer Co. for sterilization of plastic materials. 
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Mercatr, T. G. (University of New Hampshire, 
Durham). Use of membrane filters to facilitate the 
recovery of virus from aqueous suspensions. Appl. 
Microbiol. 9:376-379. 1961.—Influenza virus was re- 
covered from aqueous suspensions by means of mem- 
brane filters. Separation of virus from bacterial mix- 
tures was achieved and virus was recovered free from 
bacteria. Technics developed for this application of the 
use of membrane filters were presented. These technics 
were extended to the successful isolation of Asian in- 
fluenza virus from clinical specimens made available 
for use in the study. 





The use of membrane filters for the collection and 
enumeration of bacteria is well established. The es- 
sential apparatus and procedures have been described 
by Goetz and Tsuneishi (1951) and Clark et al. (1951). 

One of the more significant aspects of membrane 
filter usage has been the collection of all of the bacteria 
present in a test sample (Kabler and Clark, 1952). 
This has increased the likelihood of recognizing the 
presence of small numbers of bacteria which might 
otherwise fail to be detected (Shipe and Cameron, 
1954). 

The successful application of the use of membrane 
filters to the detection of bacteria suggested that a 
similar advantage for the detection of virus might be 
realized by the use of suitable filters. A search of the 
literature failed to show examples of the use of mem- 
brane filters for the separation and recovery of viruses 
from sources in nature. 

The present study was initiated to explore the possi- 
ble extension of the principle of membrane filter usage 
to the recovery of virus from an aqueous source. 


MATERIALS AND METHODS 


Membrane filters were obtained from two commercial 
sources.2 The 8S &§ filters used were of the ultrafine 


1 This investigation was supported by a research grant from 
the Central University Research Fund, Graduate School, Uni- 
versity of New Hampshire. 

2 The Carl Schleicher and Schuell (S & 8S) Company, Keene, 
H. The Millipore Filter Corporation, Bedford, Mass. 





received as either dry, preboiled filters or shipped moist 
in 20 % ethyl alcohol. The Millipore filters were received 
as dry membranes.* 

The filter apparatus used was designed for positive 
pressure filtration and was obtained from: the Car! 
Schleicher and Schuell Company (MD 50-15, 25-ml 
capacity). The filter holder accepted either 47- or 50- 
mm filter membranes. It was sterilized (without mem- 
branes) by autoclaving at 121 C for 15 min. Positive 
pressure was supplied from a tank of compressed nitro- 


the ori 
recovel 
of mea 
the m« 
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gen gas. The maximal pressure used at any time was menhe 
200 psi. rected | 

The virus used in the study was influenza, A/PR8/34 washin 
(American Type Culture Collection). Virus retention aap 
was studied by passing influenza virus solutions through ps is 
membrane filters under positive pressure. Following pe id 


filtration the membranes were reduced to a pulp using 
sterile mortar and pestle, resuspended, and examined 
for virus. The extent of virus retention was measured 


were re 
These 1 


by hemagglutination tests (HA) and chick embryo sg 
infectivity titrations (1D50). termine 

Recovery of virus from suspensions containing 4 eee: 4 
mixture of bacteria and virus was examined in the} ilies 
same way indicated above with one exception. Sus wrappit 
pensions were first passed through a bacteria-retaining eg 
membrane (Millipore HA), the filtrate collected asep- Bia 
tically, and then passed through a_ virus-retaining sie 3 
membrane. had alt 

A few clinical specimens from cases of a "ee 


influenza were obtained for virus isolation. These speci: courtes' 
mens were treated as indicated for bacteria-virus Mix) jizoq } 


tures. The final membrane suspension was inoculated]? pranes , 





into monkey kidney monolayers. One milliliter wa‘? jn all pe 

The ; 
applied 
carded and 1 ml of maintenance medium containin{) source 
antibiotics added. The cultures were examined per jof Virus 
odically for cytopathogenic effects (CPE) and hem) 2. The 
adsorption tests (Vogel and Shelokov, 1957) were cov-|Jand rec 


added to the monolayers and the tubes rotated for? 
-— 


or 3 hr at 37 C. The supernatant fluid was then dis 


ducted at 5 and 10 days following inoculation. All tube] tration 
showing positive hemadsorption were set aside fof) pore H: 
passage and hemadsorption-inhibition tests were per nied by 
The loss 


viri C( 


® Virus coarse (VC); virus medium (VM); virus fine (VF). 
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then dis/) applied to the problem of recovering virus from a 
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formed on second-third passage inocula. The method 
of Shelokov, Vogel, and Chi (1958), employing antisera 
prepared in rabbits or guinea pigs, was used to identify 
unknown isolates. 


RESULTS 


The retention of virus by membrane filters is shown 
in Table 1. The S & 8 ultrafine medium and Millipore 
VM and VF membranes regularly retained virus. Re- 
sults obtained with the Millipore VC membranes were 
variable. When the recovery values were compared to 
the original virus concentration, a difference in apparent 
recovery of virus was noted, depending on the method 
of measurement. If the 1D5) measurement is accepted as 
the more sensitive, losses of 0.3 to 1.3 logs of virus 
infectivity occurred where membranes retained virus. 
The virus recoveries reported in the study were all 
obtained from pulped membranes. It was observed on 
several occasions, however, that essentially comparable 
recoveries could be achieved simply by washing the 
of diluent was di- 
rected over the surface by means of a pipette, and the 
washings collected in a Petri dish. The penetration of 
membrane by virus must have been minimal since 


membrane surface. A given volume 


virus was recovered from these washings. 

The 8 & S membranes were received in 20% alcohol 
and could be used directly. The Millipore membranes 
were received dry and packed between absorbent pads. 
These membranes were not sterile and it was necessary 
to sterilize them prior to use. The effect of autoclaving 
upon their virus-retaining ability was examined to de- 
termine the feasibility of sterilizing them in the auto- 
clave. The VM and VF membranes were each placed 
between several absorbent pads, wrapped in heavy 
wrapping paper, and autoclaved at 115 C for 15 min. 
Tests made with autoclaved membranes frequently 
demonstrated an inability of these membranes to retain 

| virus. It was apparent that sterilization by autoclaving 
jhad altered the virus-retaining quality of the mem- 
‘branes. Millipore membranes (obtained through the 
courtesy of the manufacturer), which had been steri- 
i lized by high voltage radiation were used. These mem- 
| branes uniformly retained virus and proved satisfactory 
/in all respects. 

The ability of membrane filters to retain virus was 


c 


mtaining } source which might also include bacteria. The recovery 


red per!) of virus from bacteria-virus mixtures is shown in Table 


nd hem{}2. The results showed that virus could be separated 


vere colfand recovered free from bacteria by preliminary fil- 


All tube\j tration through a bacteria-retaining membrane (Milli- 


aside for 
vere per 


ne (VF). 





spore HA) filter. The separation however was accompa- 
jnied by loss of virus upon the bacterial filter surface. 
lhe loss was calculated as that portion of the original 


Virus concentration which had been retained by the 
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Millipore HA filter. Measurements of this retention 
varied from an average value of 1% as determined 
by IDs50 tests, to an average value of 7% for the HA 
tests. Titrations of the recovered bacteria-free virus 
obtained from virus-retaining membranes yielded 1D50 
values within 0.7 to 2.0 logs of the original virus titers. 

The metal construction of the filter apparatus offered 
the possibility of a toxic effect exerted by the metal 
in contact with virus-containing solutions during the 
course of filtration. This possibility was investigated 
by allowing a virus suspension to remain in contact 
with the metal surfaces of the filter apparatus for 2 to 
4 hr, then examining the suspension for evidence of 
virucidal activity. No evidence of a toxic effect could 
be demonstrated with influenza virus. 

The time required for filtration could be decreased 
appreciably by the use of Celite analytical filter aid. 
Celite was added to the virus suspension immediately 
before filtration. Filtration was rapid and virus re- 
tention by the membranes remained unaffected with 
one important exception. The virus recovered was dis- 
tributed between the Celite layer and membrane. In 
fact as much and sometimes more virus was found 


associated with the Celite. The use of Celite greatly 


TABLE 1. Retention of influenza virus by membrane filters 
Chick red blood cell Chick embryo infectivity 
hemagglutination (titers) (1Ds0) 
Filter Per cent Per cent 
recovery Allan- recovery 
Allantoic| Mem- | (titer/ml | * toic | Mem (1Ds0/ml 
fluid brane X ml fluid brane X ml 
suspen- suspen- 
sion) sion) 
S&S ultra- 
fine, me- 
dium 
1 1,280 | 3,200 93 108-8 | 108-5 18 
2 2,560 | 5,120 75 109-7 | 108-8 5 
3 1,280 | 3,200 93 108-7 | 168-5 15 
4 1,280 | 3,200 75 108-7 | 108-° 7 
Millipore VC 
1 320 800 94 1G! | 17:9 12 
2 640 640 37 107-7 | 106-° L. 
3 640 640 37 10%-* | 105-5 1 
4 1,280 | 1,600 47 108-3 | 107-6 7 
5 640 320 19 107-* | 105-9 1 
Millipore VM 
] 1,280 | 3,200 107 108-° | 107-5 9 
2 640 | 1,280 75 10?-* | 166-5 11 
3 640 | 2,560 100 1O*-* | 16%-* 3 
4 2,560 | 5,120 86 108-3 | 108-° 22 
5 1,280 | 3,200 71 109-8 | 108-5 2 
Millipore VF 
1 1,280 | 3,200 | 94 16#* | 107-7 5 
2 1,280 | 3,200 107 I> | 10-9 5 
3 640 | 2,560 100 109-5 | 199-° 22 
4 1,280 | 2,560 86 109-7 | 10°-° 9 
5 1,280 | 3,200 94 10?:* | 16°” 9 
16%-* | 10% 14 


6 640 | 1,280 86 









facilitated the filtration of virus suspensions containing 
bacteria or tissue debris. 

Clinical specimens from students at the University 
Health Service with symptoms of respiratory virus 
infections were made available for examination for 
virus pathogens. Sixteen throat washings were examined 
by conventional and by membrane filter methods. 
Monkey kidney monolayers were used in both pro- 
cedures. In the conventional method, 1 ml of inoculum 
was added directly to the tissue culture, whereas in 
the membrane filter procedure the sample was collected 
on a Virus-retaining membrane after first being passed 
through a bacteria-retaining membrane. The virus-re- 
taining membrane was pulped, centrifuged lightly, and 
the supernatants inoculated into the tissue culture. 
The results are given in Table 3. 

The membrane filter procedure contributed one more 
positive isolation than the conventional method. Since 
the number of analyses was inadequate for purposes of 
a comparison of the relative efficiency of the two 
methods, no conclusions are offered. The results did 
show, however, that monolayers treated with membrane 
filter-processed inocula were free from the contami- 
nation and toxic effects which occurred with conven- 
tional method inocula. On the basis of the data shown 


filter-treated specimens were at least in agreement with 


Bacteria-virus suspension 


Filter 


Escherichia coli HA titer per 


in Table 3, the results obtained with the membrane 


those obtained for the conventional method. These 
results seemed to justify a more searching examination 
of the use of membrane filters for diagnostic purposes. 
The hemadsorbing viruses were identified by hemad- 
sorption-inhibition tests as influenza A» strains. Sero- 
logical examinations of paired serum samples from the 
patients concerned showed 4- to 6-fold increases in 


Egg IDs0 


count per ml 0.5 ml per 0.2 ml 
S & S ultrafine, me- 
dium 
1 84.5 X& 10° 1,280 108-9 
2 73.1 X 10° 640 108-7 
3 12.8 X 108 1,600 108-8 
4 43.2 & 108 2,560 10°. 
Millipore VF 
1 88.1 X 107 1,280 107-7 
2 10.1 & 105 2,560 109-6 
3 72.9 XK 107 2,560 10°-5 
4 68.5 X 106 800 108-3 
5 90.9 K 107 400 108.7 
6 21.3 X 108 1,280 109-9 
i 77.6 X 107 640 108-6 
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complement fixing antibody titer only with inf! \enzg 
Ay antigen. The monkey kidney monolayers sh. wing 
CPE but no hemadsorption yielded transmissible ; vents 
whose identity was not fully established. On the basis 
of positive complement fixation with known aden: virus 
antiserum, and negative results with known antisera 
for influenza A, Ay, As, psittacosis, Q fever, and para- 
influenza, types 1 and 3, an adenovirus was suspected, 


DIscUSSION 


Membrane filters obtained from two commercial 
sources were shown to be capable of retaining influenza 
virus on their surface. Judging from the ease with 
which virus could be washed off the membrane, the 
retention consisted of a simple deposition of virus upon 
the filter surface. In the absence of previous studies on 
virus retention by membrane filters, the results of the 
present study provide data on the application of filter 
usage to virus recovery from aqueous suspensions. For 
example, separation from bacterial mixtures was ac- 
complished successfully by filtering solutions through 
bacteria-retaining membranes. Virus could then be col- 
lected upon virus-retaining membranes. Although virus 
was unable to penetrate a membrane with a porosity 
value less than the virus size, it was retained to some 
extent by membranes with far greater porosities. This 
retention indicated that electrostatic forces could not 
be neglected in virus filtration. 

The loss of virus which occurred during filtration 
may have been the result of mechanical imperfections 
in the technics used. It was considered more likely, 
however, that virus inactivation occurred during fil 
tration. This impression was gained from the discrep 
found between apparent virus 


ancies recovery 3 


TABLE 2. Recovery of influenza virus from mixed virus-bacteria suspensions by means of membrane filters 


. a - Virus-retaining membrane 
Bacteria-retaining membrane filter aia Hine ‘ 


filter 
HA titer Egg IDs0 
HA titer Egg 1p 
membranet membrane? 
Membrane* Filtrate Membrane* Filtrate 
10 640 10°-° 105 -° 640 106-6 
4() 320 10°-5 10°-° 320 1073 
160 800 108-7 10° 3 800 10°" 
40 1,280 107-6 108-7 1,600 107° 
80 640 106-8 107-5 640 1O*- 
160 1,280 107 -° 108-5 1,600 1058 
320 1,280 106-7 10°-° 1,280 105-9 
20 400 106-0 107-8 320 10° 
80 160 106-8 107-8 160 1057 
40 640 107-6 108-° 800 19° -* 
40 320 106-7 105-° 320 10°-6 


* Membrane resuspended to initial volume of bacteria-virus suspension. 
+ Membrane resuspended to volume of filtrate obtained from bacterial membranes filter filtration. 
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measured by hemagglutination and chick embryo in- 
fectivity tests. Since 10° to 107 1p59 values are considered 
Henle, 1949; Fazekas de St. 
Groth and Cairns, 1952) to obtain visible hemaggluti- 


necessary (Henle and 


nation, the consistently greater hemagglutination end 
points indicated that a portion of the virus population 
had been rendered noninfective. According to the re- 
sults obtained in the present study, as many as 100 


IDs) doses were lost. 


TABLE 3. Virus isolation obtained in monkey kidney monolayers 
by conventional and membrane filter methods 
Membrane filter 


Conventional method 


Specimen 


Con oa Con fee a 

sorption| CPE | tami- | Tosic- [Mema,| CPE | tami- | Teale 

] 0 0 0 0 0 0 0 0 
2 +- + 0 0 + + 0 0 
3 0 0 { + 0 0 0 0 
{ + + 0 0 + + 0 0 
5 0 0 0 aa | + 0 0 
6 0 0) + 7 0 0 0 0 
7 0 0 + L 0 0 0 0 
8 0 0 0 4 0 oo 0 0 
9 0 0 0 0 0 0 0 0 
10 + + 0 0 + + 0 0 
ll 0 0 0 L 0 0 0 0 
12 0 0 0 0 0 + 0 0 
3 0 0 0 7 0 0 0 0 
14 + + 0 + + +- 0 0 
15 0 0 0 0 0 0 0 0 
16 0 0 0 + 0 0 0 0 
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The successful isolation of Asian influenza strains 
indicated a potential application of the technic to 
diagnostic purposes. The freedom from bacterial con- 
taminants and toxic effects, shown by membrane filter- 
treated inocula, offer distinct advantages where tissue 
culture methods are involved. 
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ABSTRACT 


SHARPLEY, J. M. (Buckman Laboratories, Inc., 
Memphis, Tenn.). The occurrence of Gallionella in salt 
water. Appl. Microbiol. 9:380-382. 1961.—A Gallionella 
sp. is described that lives and freely multiplies in sea 
water. The habitat of the organism has been thoroughly 
investigated and the possibility of accidental occurrence 
has been eliminated. The appearance of the Gallionella 
sp. described is quite different from the similar iron 
bacteria occurring in fresh water. 





Gallionella in salt water have been reported only in 
a rather obscure reference, published in 1928 by 


Butkevich. It is commonly assumed that either the 
sodium or chloride ion in high concentrations precludes 


the growth of iron bacteria. Some investigations in our 
laboratory, regarding the toxicity of ascending concen- 
trations of sodium chloride to other species of iron 
bacteria, cast doubt on this concept of sodium chloride 
toxicity. Recent field investigations have detected Gal- 
lionella growing actively in salt water. . 


EXPERIMENTAL METHODS 


Ecology of Gallionella in salt water. In the vicinity of 
Long Beach, Calif., there has been subsidence of the 
land bordering the sea. A portion of this geologic sub- 
sidence has caused invasion of sea water into the former 





FIG. 1. Gallionella sp. isolated from salt water. Note the characteristic long strands and relative small amount of twisting. Light phase; 
membrane filter surface, 495X. 
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bed of the Los Angeles River. In recent years, there 
have been many water wells of approximately 150 ft 
drilled into the river gravel stratum. The water table 
in some of these wells rises and falls with the ocean 
tide, indicating free passage with the sea. The water 
produced from the wells approximates sea water in 
composition. From these wells, Gallionella are obtained 
in large quantities, causing operational difficulties in 
the subsequent use of the water. 

The possibility of accidental introduction of Gal- 
lionella into these wells has been thoroughly investi- 
gated and discounted. Within comparatively recent 
seologic time, the Los Angeles River deposited gravel 
ina wide area as the river meandered. The area covered 
corresponds roughly to the Dominguez Gap. There are 
many water wells in this area and the subsurface geology 
is well known. Assuming that the river would deposit 
larger stones and boulders in the center and smaller 
sravel toward the shores, it is possible to choose wells 
spaced over the area of the alluvial bed. 

As the tide of the sea rises and falls, there is a variable 
amount of fresh water in some of the wells. As might be 
expected, the greatest amount of fresh water occurs in 
the wells at the edge and the landward end of the 
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alluvial bed. If the Gallionella present had been intro- 
duced via the fresh water, greater numbers would be 
expected in the wells receiving the larger amounts of 
fresh water. Samples taken from wells spaced across 
the former bed of the river did not support this hy- 
pothesis. In fact, such samples indicated the heaviest 
concentration of Gallionella to be in wells receiving no 
fresh water discernible by chemical analysis. 

Morphology. The microorganisms observed are ob- 
viously Gallionella but are quite different in morphology 
from those commonly observed. Gallionella growing in 
salt water are characteristically quite large. Filaments 
are often 150 to 200 u» long and 4 to 5 uw wide. The 
microorganism is frequently not tightly twisted, as 
usually observed, but often occurs as single strands or 
two long filaments loosely twisted at one end. Figures 
1 and 2 illustrate the organisms isolated from salt 
water. For comparative purposes, lig. 3 shows normal 
Gallionella from fresh water. 

Iron bacteria have previously been classified on the 
basis of their morphology. It is recognized that this is 
undesirable, and future taxonomic additions should 
await adequate biochemical characterization of the 
microorganism. In view of the confused taxonomic state 








FIG. 2. Gallionella sp. isolated from salt water. Note the long tangled strands. Dark phase, membrane filter surface, 495X 
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and difficulties of pure culture, no attempt has been 
made to speciate these salt-adapted strains of Gal- 
lionella. It is recognized that a new species designation 
could be justified on the basis of previously described 
taxonomic criteria. 

Culture. Pure cultures of the microorganisms as de- 
scribed by Kucera and Wolfe (1957) were attempted 
without Mixed cultures 
without difficulty by simple inoculation of large con- 


success. could be obtained 
tainers of salt water from the source wells. 

The organisms were also grown with ease on micro- 
scope slides submerged in a diverted side stream of 
water from the source wells. 

Oxygen relationships. The aerobic nature of Gallionella 
is open to some question. Characteristically, source 
wells in the petroleum industry are designed to main- 
tain an air-free supply water. The water from these 
wells contained less than 0.1 to 0.3 ppm of free oxygen, 
yet Gallionella grow prolifically. This same observation 
has been made in other areas where Gallionella ferrugi- 
nea and Sphaerotilus natans grow in fresh water. 

It appears that these microorganisms should be con- 
sidered as facultative or microaerophilic in nature rather 


than strictly aerobic. 


J. M. SHARPLEY 


DISCUSSION 


Iron bacteria is one of the groups of microorg 


1ISMs 
having considerable economic importance in th oper- 
ation of water-flooding installations in the petroleum 
industry. Our interest in these comparatively little 
known microorganisms is of long duration. Wo have 
consistently been surprised by the environment:il ver- 


satility of the group as a whole. 

Although the morphology of Gallionella occurring in 
salt water is unusual, the probability is that the mor. 
phological appearance is a result of their environment, 
The organisms have become fully adapted to living in 
sea water, but this is probably a result of gradual en- 
croachment of sea water into their normal habitat. It 
is believed that a new species name can be justified 
only if biochemical studies reveal a pronounced species 
difference. The habitat range should, of course, be ex- 
tended to cover sea water. 
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FIG. 3. Gallionella sp. from fresh water illustrating the usual size and morphology. Dark phase, membrane filter surface, 273X 
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ABSTRACT 


Davis, J. B. (Socony Mobil Oil Company, Inc., 
Dallas, Texas), AND R. L. 
alkyl-substituted cyclic hydrocarbons by a Nocardia 
during erowth on n-alkanes. Appl. Microbiol. 9:383- 
998 1961.—Nocardia 107-33 
short-chain alkyl-substituted 
evelic acids while growing on n-alkanes. Cyclic acids 


RAYMOND. Oxidation of 


332. a soil isolate, oxidizes 
cyclic hydrocarbons to 


are produced also from relatively long-chain alkyl-sub- 
stituted cyclics such as n-nonylbenzene or n-dodec- 
vibenzene which alone supporfgrowth ina mineral-salts 
medium. w-Oxidation of the alkyl substituents is fol- 
lowed by 6-oxidation. It is of particular interest that 
evelic acids such as cyclohexaneacetic and phenylacetic 
with (> residual carboxylic acid substituents are re- 





sistant to further oxidation by the nocardia but cyclic 
! acids with C, or C; substituents are readily oxidized 
and utilized for growth. 

| The specificity of microbial oxidations is demon- 
strated the of 
(p-cymene) to p-isopropylbenzoic acid in n-alkane, 
growth-supported nocardia cultures. 


by conversion p-isopropyltoluene 





Oxidation of cyclic hydrocarbons by microbes has 
received considerable attention (Tausson, 1929; 
Murphy, 1953; Walker and Wiltshire, 1953; Treccani, 
Walker, and Wiltshire, 1954; Strawinski and Stone, 
1955; Webley, Duff, and Farmer, 1956; Kitagawa, 1956; 
Rogoff and Wender, 1957; and others). Tausson and 
Veselov (1934), using crude cultures, suggested the 
possibility of bacterial reduction of sulfates through 





the oxidation of phenanthrene and ‘naphthalene. But 
in our opinion these and subsequent reports have not 








clearly implicated sulfate-reducing bacteria or other 
Fanaerobic microbes in the oxidation of hydrocarbons. 
} Strawinski and Stone (1955), using a pseudomonas 
closely resembling Pseudomonas aeruginosa, obtained 
up to about 29% conversion of 1% naphthalene to 
salicylic acid in vigorously aerated cultures. Webley 
et al. (1956), with resting cells of a nutrient-grown 
nocardia species (strain P. obtained from V. Treccani, 
University of Milan), reported high yields of phenyl- 
jacetic acid from phenyldecane, phenyldodecane, and 


PE ONE NE  L LTTE RELY BO 


, 273X Bphenyloctadecane. Shorter chain alkylbenzenes, ethyl, 
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n-propyl, and n-butyl were not oxidized. 1-(a- 
Naphthyl) hendecane yielded 8-(a-naphthyl) propionic 
acid, and 3-phenyleicosane yielded phenylethylacetic 
These data strongly suggested B-oxidation pre- 
ceded by w-oxidation of the alkyl substituents of ben- 
zene. Kitagawa (1956), using acetone-dried cells of 
P. aeruginosa adapted to toluene, obtained oxidation 
of toluene to catechol and identified benzyl alcohol, 


benzaldehyde, and benzoic acid as oxidative inter- 


acid. 


mediates. These examples represent a variety of ap- 
proaches to the study of the microbial oxidation of 
cyclic hydrocarbons. 

While studying the utilization of white mineral oil 
by a nocardia species, we noted the accumulation of 
organic acids in the culture medium; infrared spectral 
examination indicated that these were cyclic acids. 
The observation was of particular interest since this 
strain of nocardia had failed to utilize a variety of 
cyclic hydrocarbons. It suggested that oxidation of 
cyclic hydrocarbons by the nocardia occurred during 
growth on alkanes or alkyl substituents in the hydro- 
‘arbon mixture. 

This paper describes experiments which confirm the 
premise that certain cyclic hydrocarbons with short 
alkyl substituents which are not utilized for growth by 
this nocardial strain, and which are relatively if not 
totally resistant to oxidation by resting cells, can be 
converted to oxidized products in substantial yields in 
a two-component hydrocarbon system. Normal alkanes 
provide the growth substrate, whereas cyclic hydro- 
‘arbons with short alkyl substituents provide the 
specific product substrate. If an alkyl substituent is of 
sufficient length to support growth, the addition of an 
alkane hydrocarbon to the culture medium is unneces- 
sary for product formation; cyclic oxidized products 
accumulate in the culture in either the presence or 
absence of added alkane. 


MATERIALS AND METHODS 
Microbe. The principal microbe used in these studies 
was a nocardia employed previously by Raymond and 
Davis (1960). We maintain it in our culture collection 
of soil isolates under the tentative designation Nocardia 
107-332 since it does not conform precisely to any de- 
scription of Nocardia species, Breed, Murray, and Smith 
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(1957). It conforms closely with Nocardia salmonicolor 
except that it utilizes phenol. Growth on liquid alkanes 
such as n-decane, n-hexadecane, or n-octadecane is ac- 
celerated by vigorous agitation of the aqueous culture 
medium consisting of, for example, urea, 0.1%; KH2PO, 
0.2%; NasHPO,, 0.3%; MgSO,-7H.2O, 0.08%; and 
about 1% hydrocarbon. n-Alkane hydrocarbons are 
utilized to completion and extracellular products other 
than capsular slime do not accumulate in the culture 
medium in the absence of cyclic hydrocarbons. 

Cultural conditions. The impeller agitated culture 
systems used in this work were described previously 
(Raymond and Davis, 1960) and ordinarily contained 
2 liters of culture media. Small culture systems con- 
sisted of 500-ml round bottles fitted with screw-caps 
to prevent the escape of volatile hydrocarbons. These 
usually contained 100 ml of culture media and were 
agitated on a gyratory shaker at 30 C. 

The cyclic hydrocarbons tested included methyl-, 
ethyl-, n-propyl-, n-butyl-, n-nonyl-, and n-dodecyl- 
benzene; methyl- and n-butyleyclohexane; p-isopropyl- 
toluene (p-cymene); and isopropylbenzene (cumene). 
The specific conditions for the individual experiments 
are described under Results. In general, the following 
conditions were employed. For the impeller-agitated 
systems, growth of the nocardia proceeded with n-octa- 
decane or n-hexadecane for 24 hr during which time 
the systems were sparged with air. The cyclic hydro- 
‘arbon tested was then added with additional n-alkane 
and growth was allowed to proceed for another 72 hr 
without sparging to prevent excessive loss of the volatile 
cyclic hydrocarbons. The 500-ml bottle cultures were 
sealed after the addition of 0.6% n-alkane (Cy, Cys, or 
C,s) and 0.2% of the respective cyclic hydrocarbon. 

Cyclic acids of the type isolated as products were 
tested in both growth systems (500-ml bottles) and 
These acids! 
cyclohexaneacetic, 


resting-cell respirometer experiments. 
included cyclohexanecarboxylic, 
eyclohexanepropionic, cyclohexanebutyric, 
m-hydroxybenzoic, phenylacetic, 
phenylpropionic. 

Analytical methods. Following growth in the hydro- 
carbon systems, the cells were removed by centrifu- 
gation at 16,500 rev/min. The cell-free culture liquor 
was ordinarily steam distilled under alkaline, then acid 
conditions. The acidified residual was extracted with 
ethyl or petroleum ether. 

Products were analyzed by infrared spectrometry, 
melting point determination, neutralization equivalent, 
and gas chromatography. Instruments included the 
Perkin-Elmer model 221 infrared spectrometer? and 


benzoic, 
phenylacrylic, and 


' Purchased from Distillation Products Industries (East- 
man) Rochester, N. Y., with the exception of cyclohexane- 
acetic acid, which was prepared from n-butyleyclohexane by 
the oxidation of Nocardia 107-332. 

? Perkin-Elmer Corporation, Norwalk, Conn. 
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the F & M model 300-B linear programmed t: 
ature gas chromatograph.’ 

Methyl esters of the aromatic acids, prepared using 
trifluoride as catalyst (Metcalfe, 1960), were 
fractionated better on the silicone-gum rubber columy 


uper- 


boron 


employed than were the acids and thus were preicrable 
in comparing fractograms of known and unknowi. com- 
pounds. Methyl esters were prepared by dissolving 
milligram amounts of the aromatic acids in about 05 
ml of methanol, bubbling in boron trifluoride? for about 
2 min, then adding a small amount of water and ey- 


tracting the esters with n-heptane. 
RESULTS 
with short 
Growth of Nocardia 107-332 was negative on the fol- 
lowing cyclic hydrocarbons: methylbenzene (toluene), 


Cyclic hydrocarbons alkyl substituents, 


ethylbenzene, n-propylbenzene, n-butylbenzene, methy! 
cyclohexane, n-butyleyclohexane, isopropylbenzene (cv- 
mene), and p-isopropyltoluene (p-cymene). Growth was 
tested in both liquid cultures and on streaked mineral. 
salts agar plates, incubated in the presence of the 
respective hydrocarbon vapor and air. Under similar 
conditions, growth of the nocardia on ethane, n-butane, 
n-hexadecane, or other n-alkanes is profuse. With the 
exception of n-butylbenzene and n-butyleyclohexane, 
oxidation of the above cyclic hydrocarbons also was 
negative with either ethane- or nutrient-grown nocardii 
cells in respirometer (resting-cell) experiments. 
Ethylbenzene, n-propylbenzene, 
n-butyleyclohexane, and p-isopropyltoluene were o0xi- 
dized and yielded cyclic acid products when added 
along with n-hexadecane or n-octadecane to mineral- 


n-butylbenzene, 


CH:—CH; i 


Ethylbenzene NCH:—COOH 


CH.—CH.—CH.—CH; i Phenylacetic acid 


n-But ylbenzene 


salts media inoculated with nocardia. Ethylbenzen 
and n-butylbenzene each yielded phenylacetic acit. 
n-Propylbenzene yielded phenylacrylic (cinnamic acid 


\CH.—CH:—CH,; — ¢ ‘\CH=CH—COOH 


n-Propylbenzene Phenylacrylic acid 


These n-alkylbenzenes were tested in 500-ml cultur 
bottles. n-Hexadecane, 0.6%, was the alkane grow! 
substrate with 0.2% eyclic hydrocarbon in miners: 
salts medium. Incubation time was 96 hr at 30 C. Th 
cyclic acids, extracted with ethyl ether, were identifielf 
by infrared spectrometry and gas chromatography. Fo 

3F & M Scientific Corporation, New Castle, Del. 


‘Purchased from The Matheson Company, 
Rutherford, N. J. 





Inc., Eas 
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example, Fig. 1 shows the infrared spectra of phenyl- 
acetic acid derived from ethyl and n-butylbenzene, re- 


spectively. 
n-Butyleyclohexane was converted to cyclohexane- 
acetic acid by Nocardia 107-332 and also by another 
strain of nocardia (Nocardia M.O.) originally isolated 
from soil using a crude oil enrichment. This cyclic 
hydrocarbon was tested in the impeller-agitated culture 
systems employing n-octadecane as the growth sub- 
strate. To 2 liters of mineral-salts medium, 1.6 g of 
n-octadecane were added and the system agitated and 
CH:—CH2:—C H2,—CH . 


CH.—COOH 


n-Butyleyclohexane Cyclohexaneacetic acid 


sparged with air for 24 hr at 30 C. By this time growth 
had begun and 1.6 g of n-butyleyclohexane were added 
to the Nocardia 107-332 system; 0.8 g to the Nocardia 
M.O. system. Forced aeration was stopped to conserve 
the added volatile cyclic hydrocarbon. The systems 
were agitated another 5 days after which the cells were 
harvested, the concentrated alkalized culture liquor 
acidified, and steam distilled. Nocardia 107-332 yielded 
.863 g of dried cells and 0.384 g (26% yield) of cyclo- 
hexaneacetic acid was recovered from the culture dis- 
tillate; identified by melting point, neutralization equiv- 
alent, infrared spectroscopy, and gas chromatography. 
The Nocardia M.O. system yielded 0.892 g of dried 
cells and 0.293 g (41% yield) of cyclohexaneacetice acid. 
The yields cited are based upon complete utilization of 
the n-butyleyclohexane and are minimum. Partial loss 
of the volatile cyclic hydrocarbon undoubtedly oc- 
curred. Residual substrate consisting primarily of 
n-octadecane was 0.328 and 0.258 g in the Nocardia 
107-332 and Nocardia M.O. systems, respectively. 
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FIG. 1. Infrared spectra of phenylacetic acid (1) and products 
‘) and (3) derived from the oxidation of ethylbenzene and n- 
butylbenzene, respectively, by Nocardia 107-332 while growing on 


n-hexro decane. 
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p-Isopropyltoluene (p-cymene) was converted to 
p-isopropylbenzoic acid by Nocardia 107-332 growing 


CH; CH; 
HC( ch; ——— > He COOH 
= - 


p-Isopropyltoluene 
(p-cymene) 


p-lsopropylbenzoic 
(cuminic) acid 
on n-hexadecane. To an actively growing 2-liter culture 
in an impeller-agitated system, 8 g of n-hexadecane 
and 5 g of p-isopropyltoluene were added. Incubation 
proceeded for 5 days while vapor of the cyclic hydro- 
carbon was slowly added in an air stream to the system 
to replace lost volatile hydrocarbon and provide aer- 
ation. The cell-free alkalized culture liquor was reduced 
to 200 ml by evaporation. A copious crystalline precipi- 
tate (0.5 g) formed when the concentrated solution was 
made acid (pH 2 to 3) with HCI. The melting point of 
the precipitate was 117 C and the amide prepared with 
thionyl chloride melted at 144 C. Titration with 
standard base indicated that the compound had only 
one carboxyl group and it was tentatively identified 
as cuminic (p-isopropylbenzoic) acid. This was con- 
firmed by gas chromatography comparing a fractogram 
of the methyl ester with that of the known compound. 
Cyclic hydrocarbons with relatively long alkyl substitu- 
ents. Both n-nonylbenzene and  n-dodecylbenzene 
supported the growth of Nocardia 107-332. In an im- 
peller-agitated system, 2.2 g of n-dodecylbenzene in 
2 liters of inoculated mineral-salts medium yielded 1.29 
g of dried nocardial cells and 0.98 g of phenylacetic 
acid, recovered by ethyl ether extraction and identified 
by infrared spectroscopy. The phenylacetic acid re- 
covered was about 80% 
carbon. 


of the theoretical based on 


The amount of carbon in the alkyl substituent, ex- 
cluding that calculated as available for phenylacetic 


C,2He; = 
n-Dodecylbenzene 


CH.—COOH + 


microbial cells and COs 
Phenylacetie acid 

acid formation, amounted to 1.08 g of the 2.2 g dodecyl- 

benzene utilized. This was ample for the production of 

1.29 g of nocardial cells consisting of 58% carbon. 

Phenylacetic acid was identified also in n-dodecyl- 
benzene cultures of two other nocardia, Nocardia M.O. 
and Nocardia (Bough), and a mycobacterium, M/yco- 
bacterium 107-227, soil isolates recovered from ethane 
enrichments. 

A sparing effect was observed relative to phenylacetic 
acid formation by adding either n-decane or n-octa- 
decane to small scale n-dodecylbenzene cultures of 
Nocardia (Bough) and Nocardia M.O. (Table 1). 
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n-Nonylbenzene was utilized by Nocardia 107-332 
with the accumulation of small amounts of phenyl- 
acrylic and phenylpropionic acids. About 50 mg of 
n-nonylbenzene were added to a small culture system 
containing 50 ml of inoculated mineral-salts medium. 
The system was agitated on a gyratory shaker at 30 C. 
After 48 hr an additional 450 mg of the cyclic hydro- 
carbon were added to the growing culture. The cells, 
harvested after a total incubation of 6 days, had a dry 
weight of 320 mg. Thirty-one milligrams of ether-ex- 
tractable material were recovered from the culture 
liquor and this material was identified by infrared 
spectroscopy as consisting of cyclic acids. Further in- 
vestigation employing n-nonylbenzene cultures showed 
that the principal cyclic acid accumulating was phenyl- 
acrylic with about 8% of the total apparently in the 
form of phenylpropionic acid, as determined by gas 
chromatography of the methyl esters. 

If the odd-numbered carbon chain substituents of 
n-nonylbenzene were utilized exclusively for growth, 
about 40% of the compound would be converted to 
microbial cells and carbon dioxide; approximately 60% 
would be oxidized to cyclic acids. However, the data 
show that only about 5% of the utilized n-nonylbenzene 
could be accounted for as cyclic acids; 95% including 
the cyclic portion of the molecule was apparently oxi- 
dized to cells and CO... This aspect will be discussed 
later in detail. The observation led to an examination 
of the oxidation of various cyclic acids by Nocardia 
107-332. 

Oxidation and utilization of cyclic acids. A series of 
cyclic acids including naphthenic and aromatic acids 
were subjected to oxidation by Nocardia 107-332 cul- 
tures under both resting-cell (pregrown) and growth 
conditions (Table 2). The two compounds that resisted 
oxidation and consequently utilization for growth were 
cyclohexaneacetic and phenylacetic acids. Not only do 
these results conform with an accumulation of these 
products in cultures as previously noted, but there is 


TABLE 1. Sparing effect of n-alkanes on 
phenylacetic acid formation 


Cells. Phenylace- 


Microbe Substrate added dry wt tic acid 
formed 
me me 
Nocardia (Bough) | n-Dodecylbenzene, 44 12 18 
mg 
n-Decane, 44 mg + 16 7 
n-dodecylbenzene, 
44 mg 
Nocardia M.O. n-Dodecylbenzene 19 21 
44 mg 
n-Octadecane, 44 mg 16 8 


+ n - dodecylben- 
zene, 44 mg 
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indicated a peculiar resistance of the Cs car oxylic 
acid-substituted cyclics to oxidation. 
Oxidation of cyclohexanebutyric acid was -: udied 


in particular since no growth was observed wih this 
compound, although it was oxidized. The res:ilts of 
experiments showed that for each micromole of 
cyclohexanebutyric acid oxidized, three micromoles of 
oxygen were consumed (Fig. 2) and two micromoles 
of carbon dioxide produced. These data suggest the 
following molar balance: 


CH.—COOH + 302 — 


Cyclohexanebutyrice acid 


-CH:—COOH + 2CO. + 2H.0 


Cyclohexaneacetic acid 


The oxidative product, cyclohexaneacetic acid, is re- 


TABLE 2. Utilization and/or oxidation of cyclic acids 


by Nocardia 107-332 


Growth* 
(duplicates) 


Microliters O» 


Cyclic acid uptake/hrt 


Cyclohexanecarboxylie. . . a 237 
Cyclohexaneacetic. . . = 10 
Cyclohexanepropionic....... + 460 
Cyclohexanebutyric......... - | 198 
Benzoic + 463 
m-Hydroxybenzoic a 46] 
Phenylacetic. .... Beeeaces = 6 
Phenylpropionic .......... + 393 
Phenylacrylic. : a + 378 


* + = Growth on sodium salt of cyclic acid (0.2%) in min- 
eral salts medium. — = No growth after 1 week of incubation 
at 30 C. 

+ Used 5 umoles of respective sodium salt, incubated with 
5 mg (dry weight) of microbial cells in 0.05 m phosphate solu 
tion, pH 7; values corrected for endogenous respiration. 
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FIG. 2. Oxidation of 1.4 umoles of cycloheranebutyric acid b 
Nocardia 107-332: molar ratio of oxygen uptake to substrate en 
ployed is 3:1. 
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stant to further oxidation and lack of growth of the 
nocardia on cyclohexanebutyric acid presumably is 


due to ability of the nocardia to grow at the expense 
of the two carbons oxidatively removed from the mole- 


Pcule. 


DISCUSSION 


Webley et al. (1956), using resting-cell suspensions 
of nocardia and n-alkyl-substituted cyclic hydrocar- 


} bons, observed results strongly indicating 6-oxidation 
> of the alkyl substituents which conformed with classic 
S hiochemical oxidation of aliphatic chains. In addition, 
‘they assumed that w-oxidation was the logical pre- 
liminary to B-oxidation of the alkyl substituent. The 


data reported here clearly substantiate this view. 
y-Oxidation is evidenced by the formation of phenyl- 
acetic acid from ethylbenzene and phenylacrylic acid 


from n-propylbenzene. 8-Oxidation is indicated by 
Sthe residual cyclic acids derived from the n-alkyl- 


substituted cyclic hydrocarbons. Those with even- 
numbered carbon chains, such as n-butyleyclohexane, 


'n-butylbenzene, and n-dodecylbenzene, yielded cyclic 


acids with a C. carboxylic acid substituent. Those cyclic 
hydrocarbons with an odd-number of carbons in the 
nalkyl substituent, 
benzene, yielded much smaller relative amounts of 
residual cyclic acids with a C; carboxylic acid substit- 


n-propylbenzene and n-nonyl- 


uent. The oxidations were carried out by Nocardia 
107-332, actively growing on n-alkane hydrocarbons, 
except in the case of n-dodecylbenzene and n-nonyl- 
benzene which alone supported growth. Because of the 
distinctive odor of phenylacetic acid, its production 
in cultures could be followed readily. It was detected 
very early in cultures containing either ethylbenzene 
plus n-hexadecane, n-butylbenzene plus n-hexadecane, 
or n-dodecylbenzene. 

n-Nonylbenzene cultures yielded principally phenyl- 
acrylic acid, but the small amount of cyclic acids which 
accumulated in the cultures indicated that they were 
being utilized further for growth. This was confirmed 
by tests of cyclic acids (Table 2). Those with an odd- 


number of carbons in the fat acid substituent were 


readily utilized; and, in addition, the cyclic portion 


of acids, such as benzoic, m-hydroxybenzoic, phenyl- 
propionic, phenylacrylic, and cyclohexanepropionic, was 


tutilized by Nocardia 107-332. In contrast, acids, such 
us phenylacetic, cyclohexaneacetic, and cyclohexane- 


butyric, with an even-number of carbons in the fat 
ncid substituent, are resistant to utilization for growth; 
ulthough the latter is oxidized to cyclohexaneacetic 
acid. 

The reason for the resistance of the cyclic portion of 
ncids with an even-number of carbons in the substituent 


is not clear. But the refractory nature of these com- 


pirate os hoe to utilization by the nocardia apparently lies 
in the residual Cs. carboxylic acid substituent of either 
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phenylacetic or cyclohexaneacetic acids. This may be 
due to a peculiar steric hindrance of this configuration 
to enzyme activation. In contrast, the ultimate p- 
oxidized intermediate in n-propylbenzene or n-nonyl- 
benzene oxidations, benzoic acid (C, carboxylic acid 
acid substituent not actually detected in cultures), 
is readily oxidized and utilized for growth by the 
nocardia. 

A soil isolated pseudomonas, closely resembling 
P. aeruginosa, produced phenylacetic acid in n-dodecyl- 
benzene cultures and phenylacrylic (cinnamic) acid in 
n-nonylbenzene cultures as does Nocardia 107-332 
(see Fig. 3). Tested on the cyclic acids listed in Table 
2, growth by the pseudomonas was observed only in 
the case of benzoic. That nocardial strains or species 
vary in their ability to utilize C.- and C;-substituted 
aromatic acids was noted by Webley et al. (1956). 
Nocardia opaca strain Ty. oxidized both phenylacetic 
and phenylpropionic acids, the latter yielding phenyl- 
acrylic and benzoic acids as oxidative intermediates; 
Nocardia sp. strain P2 did not attack phenylacetate. 

Certain cyclic hydrocarbons (which alone were re- 
sistant to oxidation by Nocardia 107-332), such as 
methyleyclohexane, methylbenzene, and isopropylben- 
zene, still were resistant to oxidation in growing 
n-alkane cultures of the nocardia. Admittedly, we have 
not exhausted the variety of cultural conditions that 
‘an be conceived to test the oxidation of these com- 
pounds by Nocardia 107-332. 

An interesting example of the specific microbial 
oxidation of a cyclic hydrocarbon is the conversion of 
p-isopropyltoluene (p-cymene) to p-isopropylbenzoic 
acid. This conversion was accomplished only when the 
cyclic hydrocarbon was added to cultures growing on n- 
alkanes. The isopropyl substituent is more susceptible 
to chemical oxidation, but the microbial oxidative 
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Nocardia 107-332 and Pseudomonas aeruginosa (soil isolate), 
respectively. 
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system peculiarly chose to oxidize the methyl sub- 
stituent. 

Organic acids and other products in microbial cul- 
fermentations ordinarily result when the 
microbe involved produces a particular metabolic 
intermediate or product that accumulates under the 
conditions of substrate concentration, aeration or pH. 


tures or 


Thus in most cases the growth substrate also serves as 
the product substrate. However, exceptions to this 
involving a multiple substrate system are well known. 
As one of many examples, Rhizopus nigricans oxidizes 
progesterone to 11l-a-hydroxyprogesterone while grow- 
ing on other organic components in the medium (Mur- 
ray and 1952). Still another well-known 
process employs pregrown microbial cells wherein 


Peterson, 


principal conversion of substrate to product is per- 
formed following growth of the cells. 

lor exemplary purposes the oxidation of ethylbenzene 
to phenylacetic acid and p-isopropyltoluene to p-iso- 
propylbenzoic acid by Nocardia 107-332 are mentioned 
as representing the tenor of this paper. These cyclic 
support the growth of the 
nocardia; nor does oxidation of these hydrocarbons 
occur readily with pregrown cells. However, the cyclic 


hydrocarbons do not 


hydrocarbons are converted to oxidized products in 
cultures of the nocardia growing on n-alkanes. The 
refractory nature of the short-chain alkyl-substituted 
benzenes to oxidation in the absence of n-alkanes in a 
growth situation is not presently understood. 

One obvious feature of interest is the effect of con- 
centration of a short-chain alkyl-substituted cyclic 
hydrocarbon such as ethylbenzene compared with 
n-dodecylbenzene. One-half per cent n-dodecylbenzene 
is readily utilized for growth by the nocardia in a 
mineral-salts medium, but, with 0.2° ethylbenzene, 
0.3% of the alkane, n-hexadecane, is not utilized for 
growth until after a lag of several days. Increasing 
the concentration of ethylbenzene to 0.5° completely 
inhibits growth. This implies a toxic effect of ethyl- 
benzene which in practice can be circumvented by 
maintaining the cyclic hydrocarbon at a low con- 
centration relative to the n-alkane in the medium. 

By employing a two-component hydrocarbon system 
such as has been described, oxidative products are 
obtained without consumption of the cyclic portion of 
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certain hydrocarbons. Theoretically, a specifi cyclic 
hydrocarbon thus may be converted to a __ pecific 
oxidized product in very high yield. In oxida: ons of 


eyclic hydrocarbons involving metabolic dec: mpos- 
tion for growth, specificity of the oxidation >rocess 


would be less as well as the yields of cyclic aci|s. 
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ABSTRACT 


RamsEy, Caroutyn H. (U.S. Public Health Service, 
Atlanta, Ga.), AND P. R. Epwarps. Resistance of 
salmonellae isolated in 1959 and 1960 to tetracyclines 
and chloramphenicol. Appl. Microbiol. 9:389-391. 
1961.The resistance of cultures of Salmonella typhi- 
murium to tetracyclines and chloramphenicol has been 
examined periodically. Although none of 200 cultures 
isoltted prior to 1948 was resistant to the antibiotics, 
5% of 100 cultures from man and 9% of 100 cultures 
from fowls which were isolated in 1956 and 1957 were 
resistant to tetracyclines. Among 158 cultures isolated 
from man and 100 cultures isolated from fowls in 
1959 and 1960, 13.9 and 29%, respectively, were re- 
sistant to tetracyclines. In the last series, cultures 
resistant to chloramphenicol were found for the first 
time. Among 150 cultures of other Salmonella serotypes 
from man and 137 similar cultures isolated from fowls 
in 1959 and 1960, 5.3 and 8%, respectively, were 
found resistant to tetracyclines. There is no obvious 
explanation for the higher percentage of resistant 
typhimurium than in other 
serotypes. 





In view of the widespread use of tetracyclines as 
therapeutic agents and as additives to livestock feeds, 
we have attempted to survey the resistance of salmonel- 
lae isolated at different periods to these substances. 
In this work Salmonella typhimurium largely has been 
used as a model since it is the serotype most frequently 
isolated from man and animals and large numbers of 
this type isolated during a restricted period could be 
collected without difficulty. In the current series of 
tests, a number of other serotypes isolated during the 
same period were examined to compare their resistance 
with that of S. typhimurium. 


MATERIALS AND METHODS 


All duplicate cultures from individuals and epidemics 
were eliminated and cultures from widely separated 
geographic areas in the United States were chosen for 
examination. The cultures tested were isolated from 
mai and from domestic fowls and were made up of 
strains received for diagnosis. During the course of the 
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studies the resistance of the organisms to a number of 
chemotherapeutic substances was tested but results 
obtained in previously reported series indicated that 
of the substances used, only the tetracyclines and 
chloramphenicol were likely to yield significant results. 
Thus, those were the only substances used to test all 
of the cultures studied. At the beginning of the work, 
tetracycline, oxytetracycline, and chlortetracycline 
were used but, since results obtained with all were 
invariably similar, only oxytetracycline and chlortet- 
racycline were used throughout. 

The methods used were described by Huey and 
Edwards (1958). All cultures were screened by the use 
of dises of intermediate concentration and those which 
appeared resistant were examined in tube dilution 
tests using chlortetracycline or chloramphenicol as 
indicated. Equal numbers of apparently susceptible 
strains were included for comparison. In every instance 
the results obtained by the dise method were confirmed. 

RESULTS 

The results of the tests are given in Table 1 and the 
sarlier series are included for comparison. It will be 
noted that the percentage of cultures of S. typhimurium 
resistant to tetracyclines roughly has trebled within a 
3-year period and this applies both to cultures isolated 
from man and from fowls. This increase in resistant 
strains was apparent in all sections of the country 
but was particularly noticeable among cultures isolated 
from man in the New England area where 24% of 
41 cultures were resistant. Among the strains isolated 
from fowls, resistant cultures isolated from turkeys in 
the midwestern states were quite numerous. 

Although the percentage of resistant cultures in- 
creased markedly in the 3-year period that elapsed 
between the second and third series of cultures, the 
resistance of individual strains remained unchanged. 
The susceptible strains were inhibited by 3.1 or 6.25 
ug/ml of chlortetracycline, whereas the resistant 
strains were inhibited by 100 to 200 ug/ml. These 
levels of resistance corresponded closely to those found 
in the 1956-1957 series of cultures. Three cultures of 
S. typhimurium from man were resistant to chlor- 
amphenicol, whereas no resistant cultures appeared 
previously. These three cultures also were resistant to 
tetracyclines. 
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In addition to the S. typhimurium cultures isolated 
in 1959-1960, 150 cultures of other serotypes from man 
and 137 similar cultures from animals isolated during 
the same period were examined. These series of cultures 
were made up of a variety of serotypes distributed 
among the various O antigen groups roughly in the 
proportion that those groups occurred in diagnostic 
material. Here also duplicate cultures from individuals 
and epidemics were eliminated. Among the 150 human 
cultures, 8, or 5.3% were resistant to tetracyclines and 
of the 137 cultures from animals, 11, or 8% were 
resistant. Only one culture of Salmonella choleraesuis 
isolated from a hog was resistant to chloramphenicol. 
The writers have no explanation for the higher per- 
centage of resistance among cultures of S. typhimurium 
than that found among other serotypes. 


DiscUssION 

One finds many random observations in the literature 
concerning antibiotic resistance of salmonellae but few 
studies on sizable series of cultures have appeared. 
Eisenberg et al. (1958) reported that 50% of 62 salmonel- 
lae of various serotypes were resistant to tetracyclines. 
It should be noted that these tests were done by a 
“wet disc’? method and resistance apparently was not 
confirmed by titrations in fluid medium. Further, the 
cultures tested were isolated from patients in one 
hospital and presumably the majority of the infections 
was contracted in the same general geographic area. 
These facts may account for the unusually large number 
of resistant strains reported. On the contrary, Joachin, 
Mayes, and Olarte (1959) reported that 9% of 32 
cultures of S. typhimurium and 6.4% of 78 cultures 
of other serotypes were resistant to tetracycline. These 
cultures were isolated during 1956 and 1957 and the 
results coincide quite closely with the results obtained 
in this laboratory with strains isolated at that time. 
Smith (1960) in England found that none of 106 cul- 
tures of salmonellae isolated from hogs was resistant 
to tetracycline. In a study of 12,014 Salmonella cul- 
tures, Manten, Kampelmacher, and Guinée (1960) 
found only 2.08% resistant either to tetracycline or 


TABLE 1. Resistance of Salmonella typhimurium to tetracyclines 
and chloramphenicol 


Per cent resistant to 


Date of isolation Source No. tested 
Tetracylines| Coram 

1948 Man 100 0 0 
1948 Animals* 100 0 0 

, 1956-1957 Man 100 5 0 
1956-1957 Fowls 100 8) 0 
1959-1960 Man 158 13.9 1.9 
1959-1960 Fowls 100 29 0 


* Ninety cultures from domestic fowls, ten from swine. 
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chloramphenicol, or to both substances. In thi- series 
of tests also the percentage of S. typhimurium re- stant 
to antibiotics (2.5%) was somewhat higher tha. that 
of other serotypes (1.7%). It should be note: that 
these cultures were tested on agar media whic: cop- 
tained, respectively, 50 yg/ml of chloramp)}.enicol 
tetracycline. Bokkenheuse and 
Richardson (1960) reported that among 99 Salnionella 
cultures isolated from Bantu children who attended a 
rural school, 10.1% were resistant to chlortetracyeline 
but none resistant to chloramphenicol or oxy tetra- 
eycline. Among 64 cultures isolated from resideits of 
Johannesburg, 70.3% were found to be resistant to 
chlortetracycline, 1.6% to oxytetracycline, and 6.3% 
to chloramphenicol. The pronounced differences in 
the reactions of the cultures to chlortetracycline and to 
oxytetracycline is an unusual finding. 


and 25 yg/ml of 


The resistant strains from fowls were derived almost 
exclusively from acute fatal infections in young birds 
although a few of them were isolated from the internal 
organs of older birds that died of salmonellosis. The 
resistant cultures from man were isolated almost 
exclusively from stools of acutely ill, hospitalized 
patients, largely young children although a very few 
were from acute localized infections in surgical cases 
or from the stools of family contacts of acute cases of 
gastroenteritis. In neither the cultures from fowls nor 
from man was there any history of the organisms having 
been isolated from cases or carriers after prolonged, 
intensive antibiotic therapy which might have led to 
development of resistance within the immediate host. 

It must be realized that the vast majority of human 
salmonellosis is made up of apparently sporadic infee- 
tions and most of the cultures examined were derived 
from cases not known to be related. Although not 
included in the data presented, multiple cultures from 
a single individual were examined in several instances. 
Without exception all cultures from the same person 
were either uniformly susceptible or uniformly resistant. 
In four instances cultures from related 
examined, two groups of which were from small out- 
breaks of S. typhimurium infection in which all cultures 
examined were susceptible. The third and _ fourth 
epidemics occurred simultaneously in the same locality 


vases were 


on the Texas-New Mexico border and were due respec- 
tively to S. ser. saintpaul and S. ser. newport. Both 
types were isolated in local health laboratories of each 
state. In both epidemics all strains received for diagnosis 
were resistant to tetracyclines. 

rom the results obtained in this study it is evident 
that salmonellae are rather slow to develop resistance 
to tetracyclines and chloramphenicol when compared 
with Escherichia coli and shigellae which, according to 
published reports (Buttiaux et al., 1956; Smith and 
Crabb, 1957; Olarte and de la Torre, 1959; Olarte, 
1960), develop resistance more readily. Nevertheless, 
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if the present trend continues, within a few years the 
percentage of salmonellae resistant to tetracyclines 
will reach sizable proportions. The appearance of 
cultures resistant both to tetracyclines and _ chlor- 
amphenicol is of more than academic interest. The 
sensitivity of antibiotics should be 
determined periodically and such studies should include 


sufficient numbers of cultures and serotypes to deter- 


salmonellae to 


mine trends in the development of resistance. 
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ABSTRACT 


AppLeMAN, M. D. (University of Southern California, 
Los Angeles), AND I. M. Hernmituer. Comparison of 
tellurite resistance and tetracycline resistance among 
the enterococci. Appl. Microbiol. 9:391-394. 1961.—A 
correlation was found to exist between tellurite and 
tetracycline resistance in the enterococci. 


— 





rleming (1932) reported that species of bacteria 
which were susceptible to penicillin were resistant to 
the action of potassium tellurite and vice versa. Enter- 
ococci, common molds, and yeasts were resistant to 
both agents. 

Utilizing the observation of Fleming that potassium 
tellurite had a selective effect on bacteria resistant to 
penicillin, Bornstein (1940) found that 27 strains of 

‘This investigation was supported in part by a PHS Re- 
search Grant E-1994 from the Allergy and Infectious Diseases 
Division, Public Health Service. 

2 The authors wish to express their appreciation to Benjamin 
Saltzer, who assisted in these experiments under the U.S.C. 
talented student program. 





enterococci would grow in the presence of both penicillin 
and potassium tellurite. The lactic group was inhibited 
only by the latter agent, whereas the viridans group 
was completely sensitive to both the antibiotic and the 
tellurite. 

Watson (1944) tested the sensitivity of various 
serological groups of streptococci to penicillin, finding 
that organisms of group M were the most sensitive, 
whereas those of group D were the most resistant. 

Nyman (1949) reported that of 449 strains of fecal 
streptococci tested, 89% were resistant to 1:1,700 
potassium tellurite. He concluded that high potassium 
tellurite resistance was characteristic of the fecal 
streptococci and believed that media containing tellurite 
were suitable for the isolation of enterococci from 
urinary tract infections. 

The enterococci have been divided into two well- 
defined groups, namely, tellurite-resistant and tellurite- 
sensitive strains, by Skadhauge (1950), which meet 
the major requirements of Sherman and Stark (1931) 
and Sherman, Mauer, and Stark 1937 for the enter- 
ococci, i.e., growth at 10 C and 45 C, tolerance to 
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6.5% NaCl, and to pH 9.6. Three variants of Strepto- 
coccus faecalis are differentiated on the basis of their 
hemolytic and proteolytic power, S. faecalis var. 
liquefaciens, S. faecalis var. haemolyticus, and S. faecalis 
var. zymogenes. The tellurite-sensitive strains include 
Streptococcus faecium and S. faecium var. durans which 
characteristically do not ferment sorbitol. 

Sherman et al. (1931, 1937) 
between S. faecalis and S. faecium as they considered 


made no distinction 


them identical. Orla-Jensen, however, who originally 
described S. faecium (1919), strongly opposed this 
view stating that differences existed in fermentive 
activity, temperature range for growth, and salt toler- 
ance. In addition, tellurite sensitivity now appears to 
be a characteristic of this group. 


MATERIALS AND METHODS 


The organisms used in this experiment were 13 
cultures of enterococci derived from various sources. 
This group included S. faecalis ATTC 3493 ATCC 
828,’ and N83,* S. faecalis var. liquefaciens 14A,° S. 
faecalis var. liquefaciens 14B,° S. faecalis var. zymogenes 
15A,° S. faecalis var. zymogenes 15B,° S. faecium var. 
durans 14Cl,° S. faectum var. durans 85,° S. faecium 
K6A,° R55,° HGH9Y,* and P13. 

3 T. A. Nevin, National Institute of Dental Research. 

‘E. M. Barnes, University of Cambridge. 

5R. A. Greene and M. J. Kaplan, College of Osteopathic 
Physicians and Surgeons. 

6 C, F. Niven, American Meat Institute. 
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The casein hydrolyzate medium was prepared 


‘cord. 


ing to the directions of Nevin (personal commun ation. 
1957). 

lor the determination of tellurite sensitivity. choe- 
olate tellurite agar was used. Bacto-tellurite blood 
solution was added to sterile Bacto-dextrose proteose 


9 


no. 3 agar in amounts which would give final concep. 
trations of 1:1,500, 1:2,000, and 1:2,500 telluriic. The 
mixture was heated to 75 to 80 C, cooled to 50 C, and 
poured into previously sterilized Petri dishes. Each of 
the 13 strains was spread over the surface of 1 series 
of tellurite agar plates which were examined after 20 
hr of incubation at 37 C for the presence of jet-black, 
butyrous colonies. 

Antibiotic sensitivity was determined by using a 
technique modified from that of Lederberg and Leder- 
berg (1952). A 0.1-ml aliquot of a 24-hr broth culture 
was streaked over the surface of antibiotic-free agar. 
After 24 hr incubation, each plate was examined and 
the one developing 30 to 300 well-distributed colonies 
was selected as the ‘“‘master’’ for the replica plating 
The concentrations of antibiotic used were 0.07, 0.7, 
7.0, 21.0, and 70.0 ppm of tetracycline, chlortetracy- 
cline, and oxytetracycline. Control plates of casein 
hydrolyzate agar were stamped last. 


RESULTS AND DiscussiIOoN 
The spectrum of resistance to tetracycline, chlor. 


tetracycline, oxytetracycline, and tellurite is presented 
in Table 1. These organisms showed marked variation 


TABLE 1. Antibiotic resistance of parent strains of enterococci as determined by the replica plating technic 


Tetracycline (ppm 


Chlortetracycline (ppm) Oxytetracycline (ppm 


Organisms 
0 0.07 0.7 7 R 21 0.07 0.7 7 21 70 0.07 0.7 7 21 
Tellurite-resistant enterococci 

Streptococcus faecalis 828 | 4+ 4+ : 44 44+ 4+ 24 
S. faecalis 349 (Sensitive) | 4+ 4+ Jeg 1+ 1+ | 14+ | 44+ | 34+ | 24+ 4+ M 
S. faecalis N83 4+ 4+ 2+ 1+ 1+ 1+ | 4+ $+ 3+ M I+ | 44+ 3+ M ag 
S. faecalis var. lique- | 4+ d+ 4+ 1+ 1+ 1+ | 44+ we 44 Sa. i+ | 44+ 4+ 

faciens 14A 
S. faecalis var. lique- | 4+ 4+ $+ toe tee 1+ | 4+ 4+ 4+ 1-}- 1+ | 4+ 4+ 

faciens 14B 
S. faecalis var. zymogenes | 4+ 4+ 3+ 1+ 1+ 1+ $+ 4+ 4+ 1+ I+ | 44+ 3+ 

15A 
S. faecalis var. zymogenes | 4+ 4+ 3+ M M 2+ $+ $+ $+ 4+4- 44 

15B 

Tellurite-sensitive enterococci 

Streptococcus faecium var. | 44+ $+ 44+ 44 44 

durans 14C1 
S. faecium var. durans S5 | 4+ 4+ 44+ 3+ 4+ 
S. faecium K6A 4+ (44 44+ 44 44+ 
S. faecium R55 4+* | 4+* ” ¥ ss * | 4+* | 3+* * * * |) 42 
S. faecium P13 4+ | 4+ i+ M M i+ | 44+ | 44+ | 24+ 44 
S. faecium HGH9 4+*  4+4* M* M* M* M* | 4+* | 4+* | 14+* 5 M* | 4+* | M* * xs 

* Resistant colony. 

4+ = Growth equivalent to control; — = negative growth; and M = microcolony. 


Tellurite concentration for S. faecalis strains supposedly 1:2,500; for S. faecium strains, 1:2,500. 
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in strain susceptibility. The antibacterial activity was 
not equivalent for the three drugs; oxytetracycline 
exerted the most inhibitory effect, chlortetracycline 
the least, whereas, the results for tetracycline were 
more equivocal. Since the plates were stamped in order 
of decreasing concentration of antibiotics and good 
growth was always obtained on the antibiotic-free 
control stamped last, the possibility that insufficient 
inoculum had been transferred to these plates was 
eliminated. Colonies on casein hydrolyzate media, 
containing 0.07 ppm of tetracycline, oxytetracycline, 
chlortetracyeline, and on antibiotic-free media grew 
rapidly and were relatively large. Ultrafine colonies, 
viable upon subculture, developed in some instances 
on the higher concentrations of antibiotics after a 
minimum of 48 hr incubation. The enterococci tested 
were not equally resistant to the action of the tetra- 
eyelines, but the organisms fell into two groups, of 
which the tellurite-resistant strains tolerated greater 
concentrations of the tetracyclines than the tellurite- 
sensitive strains. 

Welch (1956) has stated that an organism with a 
minimal inhibitory concentration (MIC) of more than 
10 ng/ml (10 ppm) of the tetracyclines should be con- 
sidered as resistant. If this definition is applied to the 
data in Table 1, the division of the enterococci into 


TABLE 2. Growth and appearance of fecal streptococci on tellurite 
chocolate agar 


Concn of potassium tellurite 


Organisms 


1: 1,500 1: 2,000 1: 2,500 
Streptococcus faecalis $+; black | 4+; black | 4+; black 
828 
S. faecalis 349 1 +(12 col 
onies) ; 
dark 
S. faecalis N83 1+; black | 4+; black | 4+; black 
S. faecalis var. lique $+; black | 4+; black | 4+; black 
faciens 14A 
S. faecalis var. lique $+: black | 4+; black | 4+; black 


faciens 14B 


S. faecalis var. zymog- | 4+; black | 4+; black | 4+; black 
enes 15A 
S. faecalis var. zymog- | 4+; black | 4+; black | 4+; black 
enes 15B 
Streptococcus faecium | 2+; dark 2+; dark 3+; dark 
var. durans 14C]l 
S. faecium var. durans - Mauve 
Sd 
S. faecium K6A 
S. faecium R55 1+ (5 col 1+; no 2+; mauve 
onies) ; pigment 
dark 
S. faecium P13 1+; gray 3+; gray 
S. faecium HGH9 1+ (3 col);| 1+; dark 1+; mauve 
dark 
1+ = Solid sheet growth; 3+ = 300 colonies; 2+ = 30 to 


300 colonies; 1+ = 30 colonies. 
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two groups becomes clear. Of the seven strains of S. 


faecalis, six strains were resistant to 21 ppm of tetra- 


cycline, four were resistant to 21 ppm chlortetracycline, 
and two showed microcolonies at 21 ppm oxytetra- 
cycline, whereas only two of the six strains of S. faecium 
(P13 and HGH9) developed ultrafine colonies on agar 
containing 21 ppm tetracycline. These strains all were 
sensitive to chlortetracycline and to oxytetracycline. 

The S. faecalis strain spread upon the surface of 
tellurite-containing media produced a solid sheet of 
growth on each of the three concentrations of tellurite. 
The tellurite-sensitive strains, in contrast, produced no 
colonies or pinpoint sized colonies, the number per plate 
varying proportionally to the concentration of tellurite 
(Table 2). 

S. faecalis 349 proved to be the exception to these 
findings; a few dark colonies developed on only one 
plate containing 1:2,500 tellurite. The remainder of 
the plates were negative. This strain, however, does 
not ferment sorbitol and is probably an S. faecalis or 
S. faecium subtype or intermediate. The entire series 
of plates for S. faecium K6A were negative. These 
results could be both expected and explained on the 
basis of total and complete sensitivity to tellurite. 

live strains of S. faecalis were resistant to both 
tellurite and tetracycline. One strain, resistant to 
tellurite, was sensitive to tetracycline and, conversely, 
one strain, resistant to tetracycline, was sensitive to 
tellurite. Two tetracyeline-resistant strains formed 
ultrafine colonies on oxytetracycline. 

The results obtained in this experiment did not 
show the antibacterial spectrum of the tetracyclines 
to be identical. It appears, however, that there is a 
correlation between tellurite and tetracycline resistance 
and tellurite and tetracycline sensitivity. 

An interesting phenomenon was observed when 
studying the antibiotic-resistance pattern of two strains 
of enterococci, S. faectum HGH9 and S. faecium R55. 
A colony of resistant cells was found to develop on an 
identical site on each replica plate for S. faecium HGH9 
after 24 hr and for S. faecium R55 in 48 hr. The spec- 
trum of resistance appeared limited to tetracycline 
and chlortetracycline. No resistant colonies were 
observed on agar containing 0.7, 7.0, 21.0, and 70.0 
ppm of oxytetracycline. This would indicate that some 
factor other than cell permeability was involved. 

A Gram stain made from these resistant colonies 
from both HGH9 and R55 plates revealed gram-positive 
cocci. The resistant variant of S. faecium HGH9 
differed from the parent in forming more than 300 
small, gray, pinpoint colonies on each concentration of 
tellurite. R55, however, developed gray colonies on 
only 1:2,500 potassium tellurite chocolate agar. 

Patricia Barton, Department of Bacteriology, Uni- 
versity of Southern California, compared the HGH9 
variant and the parent strain with regard to tolerance 


















































to 6.5% NaCl and pH 9.6, and fermentation of sorbitol, 
mannitol, and arabinose. The organism had a lag period 
of 7 days in pH 9.6 medium as compared with growth 
in 24 hr for the parent strain. Tolerance to 6.5% NaCl 
was comparable in both strains. The organisms were 
serologically identical. 
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ABSTRACT 

TenpbLer, M. D. (Yeshiva University, New York, 
N. Y.), AND P. R. BuRKHOLDER. Studies on the thermo- 
philic actinomycetes. I. Methods of cultivation. Appl. 
Microbiol. 9:394-399. 1961.—A total of 1,000 isolates 
of thermophilic actinomycetes representing two genera, 
Streptomyces and Thermoactinomyces, were studied. 
Media for cultivation and for physiological studies 
were designed. Differences between the two genera are 
noted and taxonomic criteria for the genus Thermo- 
actinomyces are suggested. The importance of the 
nutritional environment to the thermophilic habit is 
noted. 





The name Thermoactinomyces was proposed by 
Tsiklinsky in 1899 to include monosporous actinomy- 
cetes capable of growing at high temperatures. The 
validity of assigning thermophilic species with the 
morphology of Micromonospora to the genus Thermo- 


' These studies were supported by a Research Corporation 
grant, by NIH grant CY 4856, and by a grant from the Subcom- 
mittee on Taxonomy of the Society of American Bacteriolo- 
gists. 
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actinomyces has been discussed by Waksman and 
Corke (1953). The genus is recognized in the seventh 
edition of Bergey’s Manual of Determinative Bacteriology 
(Breed, Murray, and Smith, 1957), with three species 
listed. A fourth species, Thermoactinomyces viridis, has 
been described by Schuurmans, Olson, and San Clement 
(1956). The study here summarized was undertake 
as an extension of the previous work of one of th 
authors (Tendler, 1959) to help in further characteriz- 
ing isolates of the genus, and to gain additional insight 
into the physiological aspects of thermophily. 
Since this genus is primarily characterized by two 
distinguishing properties, the thermophilic habit and 
the micromonospora type arrangement, studies were 
undertaken to compare members of the genus Thei- 
moactinomyces with thermophilic variants of the genw 
Streptomyces. To encourage other students of actino- 
mycete taxonomy and physiology to include the ther 
mophilic forms in their studies, special attention wa: 
given to the comparison of media and_ technique: 
commonly employed in actinomycete work, with thi 
variations thereof that are necessary for successll 
handling of thermophilic cultures. The rapid growt! 
rate of the thermophiles and the reduction in col 
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tamination, because of the elevated growth tempera- 
ture, make these organisms particularly useful for 
industrial fermentations. 


MATERIALS AND METHODS 


One thousand isolates were obtained from soils and 
composts collected in the United States, Virgin Isles, 
France, Spain, Italy, Israel, Puerto Rico, Peru, and 
Chile. 

Media were composed and evaluated for use as 
maintenance media, for the study of specific physiologi- 
eal properties, and for the study of micromorphology. 
Wach isolate was studied to determine its micromorphol- 
ogy, temperature limits for growth, ability to grow on 
synthetic media containing inorganic nitrogen, spore 
color, pigment production, nitrate reduction, and H.S 
production. The occurrence of five exoenzymes, 
amylase, caseinase, gelatinase, lipase, and rennin-like 
activity, was investigated. The media and methods 
recorded in a previous publication were re-evaluated 
for this larger number of isolates, in comparison with 
eight types of media that are commonly employed for 
mesophilic strains. Additional media were designed 
and several techniques were modified. Table 1 com- 
prises the media found most useful for the study of 
thermophilic actinomycetes. Media Ia and VII are 
recommended for general use in the isolation of cul- 
tures. Medium Ia is the preferred maintenance medium. 
Medium II is most useful for determining pigment 
production. Media III and IV are helpful in rejuvenat- 
ing cultures that have lost one or more physiological 
properties during maintenance media. 
Medium V should be included in any study of tempera- 
ture limits for growth. Medium VI is preferred for 
broth cultures with agitation. 
Medium VII is a useful synthetic medium lacking an 
organic source of nitrogen. Asparagine or glutamic acid 
may be added to provide a suitable organic nitrogen 
source. The addition of 1.0% gelatin hydrolyzate to 
synthetic medium VII makes it particularly useful 
for cultivating the blue or blue-green thermophilic 


storage on 


grown continuous 


actinomycetes that are difficult to grow on other media. 

Nitrate reduction tests were done as suggested in the 
Manual of Microbiological Methods of the SAB (1957), 
using sulfanilie acid and a-naphthol as reagents, and 
the zine dust confirmatory test. The rich organic 


| Maintenance medium Ia, and the synthetic medium, 


with addition of 0.1% KNOs:, were used if the isolate 


| could grow on both these media, so as to determine 


the effeet of available organic nitrogen on the sensitivity 
of the nitrate reduction test. H.S production was 
Ie-citrate and Na- 
thiosulfate into the medium, and also by hanging a 


incorporat ing 


| strip of lead acetate paper in each tube, and incubating 


for 14 days. 
Rennin-like activity was determined by adding 0.1 
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to 1.0 ml of a 24-hr broth culture, grown on a shaker, 
to a test tube containing 2 ml of double strength (2x ) 
reconstituted skim milk, and water added to give a 
total volume of 4 ml per tube. The tubes were placed 


TABLE 1. Media useful for cultivating 
thermophilic actinomycetes* 


Maintenance medium Ia Medium Ib 


Trypticase 0.5% 
Yeast extract 0.3% 


2.5% raw potato puree added 
to medium Ia. 


Sucrose 0.5% 
Dung extractt 0.5 ml1/100 
ml 
Molasses 0.5 m1/100 
ml 
MgSO,-7H2O 0.05% 
FeSO,.-7H2O 1.0 mg/100 
ml 
Microelement 0.1 m1/100 
solutiont ml 


Medium ITI Soil extract medium IIT 


dl-Asparagine 0.1% 


Soil extractt 5.0 ml1/100 


ml 
Glucose 0.1% N-Z-Amine B 0.2% 
Yeast extract 0.5% Soluble starch | 0.5% 
NgSO,-7H:2O 0.05% Glucose 0.1% 
FeSO ,-7H2O 1.0 mg/100 
ml 


Barley medium IV Basamin medium V 


Gerber’s barley | 1.0% Basamin (An- 


0.5% 
cereal heuser-Busch) 
Tryptone 0.1% Soluble starch | 0.5% 
Dung extractT 1.0 ml1/100 | Tryptose 0.2% 
ml 
p-Mannitol Glucose 


0.2% 


0.2% 


Beer medium VI Synthetic medium VIT 


NaNO; 


N-Z-Amine B 0.5% 0.2% 
Yeast extract 0.2% K,HPO, 0.1% 
Soytone 0.2% MgsSO;-7H2O 0.05% 
Soluble starch 1.0% KCl 0.05% 
p-Mannitol 0.5% FeSO,-7HO 1.0 mg/ - 
100 ml 
FeSO ,-7H2O 1.5 mg/100 | Microelement 0.1 ml, 
ml solutiont 100 ml 
Microelement 0.1 ml/100 | Sucrose 1.0% 
solutiont ml 
p-Mannitol 0.5% 


* The pH of all media adjusted to 7.0 to 7 
2.0% when desired. 

+ Dung and soil extracts: 25% dried sheep manure (for dung 
extract) or 50% air dried garden soil containing 0.1% CaCO; 
(for soil extract), suspended in tap water, autoclaved 30 min, 
filtered, and refrigerated under toluene. 

t Microelement stock solution (per ml): Fe (as Fe(N H4)2SO,), 
1.0 mg; Zn (as ZnSO,), 1.0 mg; Mn (as MnSQ,), 0.5 mg; Cu 
(as CuSO,), 0.08 mg; Co (as CoSO,), 0.1 mg; and B (as H;BQs), 
0.1 mg. 


.2; agar added to 
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in a 37 C water bath and the coagulation time was 
noted. 

Exoenzyme tests for amylase, caseinase, lipase, and 
gelatinase, were slightly modified over that previously 
reported to save time and economize on glassware. For 
tests of gelatin and starch hydrolysis, 0.4% gelatin 
and 0.2‘ soluble starch were added to any medium 
supporting good growth. One-quarter-inch filter paper 
discs were dipped into a 24-hr shaker-grown broth 
culture and placed on the exoenzyme plates. After 22 
to 24 hr of incubation, the plates were flooded with 
one-half strength Lugol’s iodine to determine amylase 
activity. The plates were next left exposed under 
incandescent illumination until the starch-iodine com- 
plex was decolorized, and then flooded with acid 
mercuric chloride to determine gelatinase production. 

Caseinase activity was determined by incorporating 
0.4% skim milk powder into a suitable agar medium 
and noting the zones of clearance. These zones can be 


TABLE 2. Distribution of exoenzyme activity in 950 isolates of 
thermophilic Streptomyces (S) and Thermoactinomyces (T) 


; Genus 
Exoenzyme a Per cent 
I S 

Amylase Strong 634 67.0 523 111 

Weak 36 4.0 18 18 

Negative 280 29.0 280 0 
Caseinase Strong 937 98.8 809 128 

Weak 10 1.0 9 

Negative 3 0.2 3 0 
Lipase Strong 815 86.0 696 119 

Weak 57 6.0 55 2 

Negative 78 8.0 70 8 
Rennin enzyme | Positive 412 43.0 408 4 


Negative 538 57.0 413 125 


TABLE 3. Distribution of exoenzyme activity in 267 mesophilic 
actinomycetes isolated from the same soil samples as the 
thermophilic forms presented in Table 2 


Exoenzyme No. of cultures Per cent 
Amylase Positive 264 98.9 
Negative 3 i<2 
Caseinase Positive 232 87.0 
Negative 35 13.0 
Lipase Positive 237 89.0 
Negative 30 11.0 
Gelatinase Positive 262 98.5 
Negative 5 1.5 
Rennin Positive 11 3.0 


Negative 256 97.0 
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accentuated by flooding plates with acid mc curic 
chloride. Lipase activity was determined, as pre\ usly 
reported, by overlaying the agar plates with 1.0% 
agar water containing 1% tributyrin or cotte iseed 
oil. Lipase activity was noted by a clearance «! the 
fine oil droplets in the zone surrounding the paper dise 
impregnated with the culture. Several methods for 
accentuating the faintly visible zone of lipase activity 
were tried. Saturated copper sulfate, previously used 
as a developing reagent, was compared with other 
methods, e.g., the Nile blue sulfate staining of Hammer 
and Long (1937), and the use of a saturated alcoholic 
solution of Sudan-B on the plates. The Sudan-B method 
was decided upon as significantly superior, both as to 
clarity of interpretation and reproducibility of results. 

Preparation of inoculum. When reproducible inocula 
are required, as in comparing media or in nutritional 
and growth rate studies, spore inocula can be easily 
prepared, if preferred over the vegetative hyphal in- 
oculum previously used for such studies. 

Fresh agar slant cultures are grown and washed 


TABLE 4. Spore color and micromor phology of 1,000 thermophilic 
isolates studied in various media 
Type of micromorphology 


Spore color No. of isolates 


White 643 


Thermoactinomyces 
Light gray 202 Thermoactinomyces 
Gray 130 Streptomyces 
Gray-green 4 Thermoactinomyces 
Blue 16 Streptomyces (9) and Thermo- 
actinomyces (7) 
Yellow 2 Thermoactinomyces 
Lavender 1 Streptomyces 
Nonsporulating 2 Sterile 


TABLE 5. T'emperature limits of 500 isolates belonging in th 
genera Thermoactinomyces (T) and Streptomyces (S) 


No. in each genus 


No. of isolates Temperature range, C — - 


T Ss 

6 67-30 4 2 
43 67-45 43 0 
10 67-50 10 0 
16 65-30 12 } 
100 6545 98 2 
3 65-50 3 0 
39 69-30 27 12 
86 60-45 86 0 
1 60-50 l 0 

2 60-55 2 0 
108 55-30 32 76 
66 55-45 63 4 
1 55-37 0 | 
22 50-30 13 9 
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down with 5 ml of sterile water with a glass rod or 
rubber “policeman.” A 5- or 10-ml pipette, with the 
tips enlarged and plugged with glass wool, may be 
used to draw the spore suspension from the agar slant 
tube. The spore suspension thus freed of clumps of 
hypha and bits of agar is transferred to a clean sterile 
tube. Usually this single procedure is adequate to obtain 
a homogeneous spore suspension, but if clumps persist, 
a second filtermg, through another glass wool-plugged 
pipette, suffices. The concentrated spore suspension 
is washed and then diluted to the desired turbidity 
reading with sterile saline containing 0.1% agar. The 
presence of a slight amount of agar prevents the rapid 
settling out of spores during pipetting of inocula and 
gives more uniform inocula. Subvisible inocula are 
sufficient to initiate growth in nutritionally adequate 
media. 

Micromorphology. An agar slab placed on a sterile 
slide and cross hatched with spores of the organism 
provided a useful material for microscopic observa- 
tions. The methods of Drechsler (1919), Nishimura and 
Tawara (1957), and the cellophane strip methods were 
tried and found to be less satisfactory. The slide culture 
method gave results comparable to those obtained by 
the Petri plate cross-hatching method employed by 
many workers, and had the additional convenience of 
fitting the mechanical stage of the microscope. The 
inoculated slides must be incubated in a moist chamber, 
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such as a Petri plate placed in a canister containing a 
saturated piece of cellulose sponge. After incubation, 
the slide can be allowed to dry in the incubator for 
about 30 min to give a dry surface and thus avoid the 
fogging of high-power objectives, resulting from the 
condensation of moisture on the lenses. If the slide 
culture is to be preserved for subsequent examination, 
it is useful to place the slides in a staining jar containing 
a shallow layer of 40% formaldehyde solution. A few 
drops of formalin added to the Petri plate in which the 
slide was incubated, will also serve to kill the culture 
and prevent the disruption of the spore arrangement 
that occurs if the culture is permitted to grow and 
become senescent. A cover slip can be placed over the 
slide culture to permit study with an oil immersion 
objective. Any nutritional medium that supports good 
growth and sporulation of the isolate can be used. 
Superior results are obtained if the nutrients of rich 
media are diluted to half the usual concentration. 


RESULTS 


Growth. Various media, including oatmeal-tomato 
paste, Hickey and Tressner, Emerson, Bennet, 
Czapek, corn steep, potato dextrose, and tyrosine 
agars, were evaluated (see Pridham et al., 1957) in this 
study. Only 9 of 805 isolates, showing Micromonospora 
type spore arrangement, grew on Czapek’s medium 
after being subcultured three times. The use of glucose, 


TABLE 6. Growth responses of 21 isolates at six different temperatures (30, 37, 45, 50, 55, and 60 C) on four media previously found 


Maintenance medium Ia 


Isolate no. 


Potato maintenance medium Ib 


60 55 | 50 | 45 37 30 60 55 | 50 | 45 
2 - x x x x x x x 
25 x x x x x x x x 
32 x Xx x Xx x x x x X 
33 - x x x x x x x 
$2 - x x x x x x 
19 x x x x Xx x x x x 
56 x x x x x Xx x Xx x 
82 x x x x x x ¥ x x x 
84 x x x x x x x 
111 x x x x x 
126 x x x x x x x 
132 x x x x x x x 
144 x x x x x x x 
175 < x x x x x x x x 
182 x x x x x x : x x 
109 x x x x Xx x x x 
150 x x x x x . x = x 
158 | xX x.) x : x x . » a a 
196 } X x x x xX X xX xX 
501 x x x Xx x x x x x 
905 x x x x x x x ¥ x 
No. failing to} 4 | 0 | 0 | 0 2 a} at 1 et | «O 


row 


rt 


(od growth in repeated tests is indicated by x in the temperature columns. 


37 30 60 SS 50 45 37 30 60 5 


adequate for good growth and sporulation at 60 C 


Soil extract medium TIT Basamin medium V 


an 
7 
So 


45 37 30 


xX xX xX oo - xX X X xX = 
x x xX xX x a xX xX xX x xX 
X xX xX xX xX — — xX xX xX X xX _ 
xX X xX xX — — xX xX xX X 
xX X xX xX xX X D4 X X X xX xX xX 
x xX X xX X xX = xX xX X X X xX 
xX xX xX xX xX | xX a xX X X xX 
xX xX xX x xX xX = xX xX xX xX xX 
xX xX xX xX — x xX X X xX — 
: x xX xX xX > Xx X xX xX xX a 
X X X xX ame es — x Xx xX xX xX 
X 7 xX x xX xX xX Fis xX x xX xX xX 
X xX xX Xx X = ms x xX xX xX xX 
x xX X xX xX xX xX xX xX xX xX xX 
xX xX Xx xX x xX a xX xX xX X xX xX 
X X x xX x xX x xX X X xX xX ba 
xX xX xX xX xX xX xX xX Xx x xX xX xX 
xX = xX xX xX x x xX xX xX xX xX a 
X > x xX xX xX xX — xX X xX X X 
xX _ X x x xX x xX xX xX xX xX xX 
xX X xX xX xX x xX xX xX xX xX xX = 
2/21; 4;)2)0 1 4/13/2;0;0), 0 1 |} 
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starch, glycerin, or mannitol, as a substitute for sucrose, 
does not significantly improve Czapek’s medium for 
maintenance, although it serves as an excellent medium 
for isolation of cultures from crude materials. Oatmeal- 
tomato paste agar, highly praised for culturing meso- 
philic strains, is of little value for thermophilic cultures, 
supporting growth and sporulation of only 2% of the 
805 isolates tested. 

Hickey and Tressner, Emerson, Bennet, or corn 
steep agar, although supporting growth of approxi- 
mately 32% of the isolates, failed to promote good 
sporulation in the majority of the strains investigated. 
Bennet’s medium supported growth of 55% of the 
isolates, but was decidedly inferior to the media 
routinely used in our laboratories, and listed in Table 
1. The addition of microelements to the complex 
medium Ia, which contained poorly defined crude 
ingredients, significantly improved sporulation at the 
upper temperature limits of growth. 

H.S production. Only eight isolates produced H.S 
under the conditions provided. All eight were white 
spored cultures of Thermoactinomyces, which can be 
grouped on the basis of the other physiological charac- 
teristics into three species or strains. None of the 
thermophilic cultures of Streptomyces gave a positive 
H.S test. There are indications that the sensitivity of 
the test is inadequate as presently performed. 

Nitrate reduction. Only 9 of the 805 Thermoactino- 
myces isolates tested reduced nitrates. These strains 
were the same as the 9 that could grow on Czapek’s 
medium. In contrast, 113 out of the 121 thermophilic 
Streptomyces isolates that were tested reduced nitrates. 
Three Thermoactinomyces cultures gave a_ positive 
nitrate reduction test on synthetic medium VII, but 
not on rich organic medium Ia. 

Exoenzymes. The results obtained for activity of four 
exoenzymes studied in 950 isolates are summarized in 
Table 2. Strong amylase reactions were observed in 
67% of the thermophiles, with representation in both 
genera. An appreciable number of isolates belonging 
in the genus Thermoactinomyces failed to digest starch 
under the conditions of our tests. Almost 99% of the 
isolates showed strong caseinase activity. The majority 
of cultures were lipolytic. The rennin enzyme was 
present in over 40% of isolates belonging in Thermo- 
actinomyces, but occurred in very few of the cultures of 
Streptomyces. 

A comparison was made of the five exoenzymes in 267 
isolates of mesophilic actinomycetes. The data shown 
in Table 3 indicate that the majority of these cultures 
have the ability to digest starch, casein, fat, and gelatin. 
The rennin enzyme is absent in 97% of these isolates. 

No gelatinase-negative cultures were isolated. There 
are significant quantitative variations in gelatinase 

production, but even this variation lacked reproduci- 
bility under the conditions used. 
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Morphological types. The general micromorp logy 
and spore color of 1,000 thermophilic isolates were 
studied in various media. A summary of the resiilts js 
presented in Table 4. The great majority of thermo- 
philic isolates are white or gray. All of our white- 
spored isolates belong in the genus Thermoactino» yces, 
Gray-spored thermophilic Streptomyces cultures are 
common, and darker in color than the light gray cul- 
tures of Thermoactinomyces. Gray-green, blue, and 
yellow strains of Thermoactinomyces occur infrequently. 

Temperature limits. The temperature limits for 
growth of 502 isolates belonging in the genera Thermo- 
actinomyces and Streptomyces were studied in medium 
Ia. The data of Table 5 show the variations with 
respect to range of temperature that was tolerated. 
Organisms that are restricted to fairly narrow ranges 
of high temperature (up to 65 or 67 C) belong in the 
genus Thermoactinomyces. Only a few Streptomyces 
isolates could grow at temperatures above 60 C, but 
numerous cultures in both genera grew in the lower 
ranges, below 55 C down to 30 C. Four isolates of 
Thermoactinomyces and two of Streptomyces grew over 
the wide range from 30 to 67 C. 

The effect of the nutritional environment on the 
temperature limits for growth of the Thermoactinomyces 
isolates can be seen from the results in Table 6. Thirty 
cultures of Thermoactinomyces that differ in one or 
more physiological characteristics were studied on four 
media that differ but slightly in their components. All 
contained natural sources of amino acids and vitamins. 
All supported excellent growth and sporulation at 50 C. 
Nine isolates are not reported in Table 6, because five 
of them proved to be duplicates of isolates 25, 56, 82, 
132, and 409, and four isolates did not present dis- 
cernible differences in growth patterns on the media 
tested. There are several types of broad and narrow 
ranges of temperature tolerance. It is significant that 
addition of potato to the excellent maintenance medium 
Ia markedly reduced growth of many cultures in the 
upper range, but had little effect at the lower tem- 
peratures. 


’ 


DISCUSSION 


The multiple physiological differences between the 
isolates of thermophilic Streptomyces and Thermo- 
actinomyces give support to the validity of the new 
genus Thermoactinomyces. If we accept the premise 
that evolution in the actinomycetes may have _pro- 
gressed from complex nutritional requirements (poorly 
developed synthetic ability) to simple nutritional re- 
quirements (increased synthetic ability), then it could 
be thought that the Streptomyces have been derived 
from the Thermoactinomyces. When considered 2s 4 


group, the strains of Thermoactinomy ces fail to grow 
on media lacking an organic source (reduced form) 0! 
reduce nitrates, contain a larger 


nitrogen, do not 
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percentage of amylase-negative and _ lipase-negative 
strains than the thermophilic (or mesophilic) Strep- 
tomyces, Show some caseinase-negative strains, evi- 
dence little variation in morphology, and possess a 
larger percentage of strains that grow over a limited 
temperature range. The rennin-like enzyme is present 
in more than 46% of the Thermoactinomyces strains, 
but only in 3% of the Streptomyces examined. Also the 
curd formed by the Streptomyces is produced in 1 hr or 
more as compared to a 3- to 5-min curd produced by 
the Thermoactinomyces. Curdling time is inversely 
related to the quantity of enzyme present. 

The dependence of the thermophilic habit on the 
nutritional been investigated by 
Baker, Hutner, and Sobotka (1955), and by Long and 
Williams (1959). The results in Table 5 accentuate 


environment has 


the importance of the quantitative composition of the 
medium. It is not the presence or absence of specific 
intermediates, but the interaction of all 
cOmponents in the nutritional environment that ap- 


metabolic 


pears to be important. Studies presently being con- 
ducted to elucidate the role of specific amino acids, 
vitamins, purines, and pyrimidines in supporting the 
thermophilic habit, fully confirm the importance of 
balanced amino acid composition of media permitting 
growth at both extremes of the temperature range. 

The role of this group in the economy of nature is 
still to be explained. Despite the apparent unavail- 
ability in nature of suitable conditions for thermo- 
philic growth, these organisms occur in almost all soils 
and composts. Attempts to mimic the nutritional en- 
vironment of the soil by use of sterile soil tubes, soil 
and manure extracts, and extracts of other soil micro- 
organisms failed to show that under these conditions 
all the Thermoactinomyces can proliferate at 
philic temperatures, although soil extract medium IT] 
does appear to be superior to others for supporting 
growth at 30 C. It is hoped that other investigators 
will find these organisms useful in clarifying various 
aspects of thermophily and general physiology of 
actinomycetes. 


meso- 


The need for a taxonomic scheme for identifying 
isolates of the genus Thermoactinomyces has led the 
authors to set up a system of éxpediency. It seems 
certain that the three species recognized by Bergey’s 
Manual inadequately represent the genus. Descriptive 
characters found useful in taxonomic work with our 
collection of thermophilic actinomycetes are the 
following: 

|) Spore color—white, yellow, gray, green, blue. 

2) Ability to grow on synthetic medium VII. 
5) Temperature limits on maintenance medium Ia. 
!) Soluble pigments on media Ia, II, VI, VII—ted to 


violet, green to black, yellow to brown. 
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5) Nitrate reduction. 

6) H.S production. 

7) Rennin activity. 

8) Amylase, caseinase, 
trum. 


and lipase exoenzyme spec- 


Variations in the spore arrangement may also pro- 
vide a criterion for recognizing certain strains of 
Thermoactinomyces. For example, some strains carry 
the spores on what seem to be short sterigmata; others 
bear sessile spores directly on the hyphae. In some 
isolates, the spores are borne only at the hyphal tips, 
whereas in others they are found along the entire length 
of each hypha. We are presently investigating these 
morphological features to determine how consistent 
they are with respect to growth at different tempera- 
tures of incubation and under various conditions of 
nutrition. The taxonomie significance of carbohydrate 
utilization tests also is being evaluated further. Sub- 
sequent reports describe results of taxonomic 
studies, with proposed new species and strains. 


will 
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ABSTRACT 

Caruucci, A. F. (Rutgers, the State University, 
New Brunswick, N. J.), P. V. Scarprno, AND Davip 
PRAMER. Evaluation of factors affecting survival of 
Escherichia coli in sea water. V. Studies with heat- 
and filter-sterilized sea water. Appl. Microbiol. 9:400- 
404. 1961.—The bactericidal action of sea water was 
measured as the difference in survival of cells of Escher- 
ichia coli in untreated and autoclaved portions of water 
samples. The beneficial effect of sterilization by heat 
on the survival of FE. coli in sea water varied with 
season and was most marked during summer months, 
however, the magnitude of the effect differed greatly 
from sample to sample. The more obvious and com- 
monly suggested explanations for the bactericidal 
action of sea water were tested experimentally. The 
pH and salinity of sea water were changed by auto- 
claving, but the direction of the former was detri- 
mental rather than beneficial and the significance of 
the latter was not clarified. The survival of cells of E. 
coli in filtered portions of some water samples was 
greater than that in untreated portions and equal to 
that in autoclaved portions, indicating that predators 
and competitors removed by filtration had contributed 
significantly to the rapid death of the bacterium in the 
untreated water. However, in the majority of samples 
tested, survival of F. coli in autoclaved water was con- 
siderably greater than survival in filtered water. 

The possibility that the beneficial effect of auto- 
claving over and above that of filtration resulted from 
inactivation or destruction by heat of bacteriophages 
and thermolabile toxic substances such as antibiotics 
was considered. Moreover, the suggestion was tested 
that the increased survival of EF. coli in autoclaved sea 
water was due to the ability of heat to disrupt and 
degrade microbial cells and thermolabile compounds 

1 Paper of the Journal Series, New Jersey Agricultural 
Experiment Station, Rutgers, the State University, Depart- 
ment of Agricultural Microbiology, New Brunswick, N. J. 
This investigation was supported in part by research grant 
E1437 from the National Institute of Allergy and Infectious 
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2 Present address: Research Department, United Fruit 
Company, La Lima, Honduras, C. A. 


and, thereby, to cause an increase in concentration of 
available nutrients in sea water. It was concluded 
that the bactericidal action of sea water is not explic- 
able in terms of the destruction or inactivation by heat 
antibiotics. Although added 
organic matter influenced the survival of FE. coli, the 


of bacteriophages or 


test organism was not an effective competitor in sea 
water and the nutrient levels required to offset the 
bactericidal action were excessive. 

Artificial sea water was demonstrated to exert a 
bactericidal action comparable to that of natural sea 
water. Low levels of cysteine which favor survival of 
FE. coli in natural sea water had a similar effect in 
artificial sea water. Nevertheless, it is not at this time 
possible to conclude that the factors responsible for 
the bactericidal action of artificial sea water are iden- 
tical with those responsible in natural sea water. 


—$———— a ——____ 


It has been observed repeatedly that bacteria sur- 
vive to a greater extent in heat-sterilized sea water 
than in untreated sea water (Nicati and Rietsch, 1885; 
De Giaxa, 1889; Kiribayashi and Aida, 1934; ZoBell, 
1936; Krassilnikov, 1938; Ketchum, Carey, and Briggs, 
1949; Vacearo et al., 1950; Nusbaum and Garver, 
1955; Richou, Neant, and Richou, 1955). This ther- 
molabile bactericidal action of sea water varied with 
season of the year and was greatest during summer 
months (Vaccaro et al., 1950). Furthermore, the 
survival time of bacteria in sea water has been ex- 
tended by filtration, chlorination, and treatment with 
organic matter as well as by heating (Beard and 
Meadoweroft, 1935; Krassilnikov, 1938; Vaccaro et 
al., 1950; Williams, 1950; ZoBell, 1936). However, our 
present knowledge provides little insight into the 
nature of the factors responsible for the phenomenon 
observed. Although numerous explanations for the 
beneficial effect of complete or partial sterilization on 
the survival of bacteria in sea water have been sug- 
gested (Carlucci and Pramer, 1959), they have not 
been tested experimentally and the identity of the 
factors responsible for the more rapid death of bacteria 
in natural than in sterilized sea water remains to be 
established. 
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The present report describes the influence of season, 
pH, salinity, filtration, and organic matter on the 
bactericidal action of sea water. Moreover, artificial 
sea Water was observed to exert a bactericidal action 
comparable to that of natural sea water. 


MATERIALS AND METHODS 

The bactericidal action of sea water was measured 
as the difference in survival of cells of Escherichia coli 
in untreated and autoclaved portions of the same water 
sample. Detailed descriptions of the methods employed 
for preparation and use of inocula, treatment and 
storage of water samples, and of the enumeration and 
calculation of survival of cells of EH. coli in sea water 
were presented previously (Carlucci and Pramer, 
1960a). 

Sea water samples were heat sterilized by auto- 
celaving at 121 C for 15 min. Sterilization by filtration 
was performed using glass filter holders and type HA 
Millipore membranes’ having a pore size of 0.45 yp. 


RESULTS AND Discussion 


Seasonal variation. The bactericidal action of sea 
water was determined at irregular intervals for 2 years 
by measuring the survival of cells of /. coli in untreated 
and autoclaved portions of each water sample. It was 
first demonstrable in April, increased in magnitude to 
a maximum in July, then decreased, and was absent 
from water collected in November. The greatest 
bactericidal action was exerted by water sampled 
during July 1957 when the ratio of per cent survival 
after 48 hr in autoclaved to that in untreated water 
exceeded 24. These results were consistent with those 
of Vaccaro et al. (1950) who reported that the bacteri- 
cidal action of sea water was most pronounced during 
the summer months and absent in the winter. Water 
collected during the winter months exerted no bac- 
tericidal action and it was not unusual for cells of EF. 
coli to die more rapidly in autoclaved than in untreated 
portions of these samples. This has been observed 
(Williams, 1950) but not commented on by previous 
investigators. 

pH and salinity. The influence of autoclaving on pH 
and salinity and the possible contribution of these 
factors to the bactericidal action of sea water were 
considered experimentally. Electrometric determina- 
tions demonstrated that the reaction of sea water 
increased from 0.5 to 1.0 pH unit during heat steriliza- 
tion and that equilibrium was not re-established for 24 
to 48 hr. It has been noted previously that the survival 
of /. coli in sea water varied inversely with hydrogen- 
ion concentration (Carlucci and Pramer, 1960b) and 
on the basis of pH alone sterilization by heat would be 
expected to have an adverse rather than beneficial 
effect. Since the survival of EF. coli in heat-sterilized 
W.ter is increased rather than decreased the bactericidal 


Millipore Filter Corporation, Bedford, Mass. 
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action cannot be attributed to the influence of auto- 
claving on pH alone. 

The effects of sterilization by filtration and auto- 
claving on the salinity of sea water were examined 
and although there was, tendency for filtration to cause 
a decrease and autoclaving to cause an increase in 
salinity, the magnitude of the changes never exceeded 
1.0%. The nature of the changes was not determined 
and therefore their significance is not known. 

Filtration. Water samples collected during July and 
August of 1957 were divided into three portions. One 
was sterilized by filtration, the second was sterilized 
by autoclaving, and the third served as an untreated 
control. The survival of cells of 2. coli in these waters 
was determined for each of six different collections. 
The results listed in Table 1 show that in each of the 
six samples tested EF. coli died more rapidly in untreated 
than in autoclaved water but the magnitude of the 
effect varied greatly. Likewise, the influence of filtration 
was not constant. In four of the six experiments survival 
of the test organism was significantly greater in filtered 
than in untreated sea water. If it is assumed that the 
favorable effect of filtration resulted from removal of 
predatory and competitive organisms, then the numbers 
and activities of these organisms varied from sample 
to sample. Waksman and Carey (1935) considered 
predation as a factor contributing significantly to the 
death of bacteria in sea water. The decreased survival 
of E. coli in the filtered portion of water sample no. 5 
‘an be explained by the possible but improbable as- 
sumption that a beneficial substance or organism was 
removed during filtration. 

In two of the samples tested (no. 1 and 6) the bacteri- 
cidal action of the water could have been fully ac- 
counted for by predatory and competitive organisms 
that were eliminated by filtration; survival of FE. coli 
was the same in filtered and autoclaved water. In two 
other samples (no. 3 and 5) filtration had no influence 
on survival of the test organism and it appeared un- 
likely that predation and competition contributed 
significantly to the rapid death of F. coli in the un- 
treated water. In four of the six samples tested (no. 2, 
3, 4, and 5), predation and competition were not an 
adequate explanation for the rapid death of F. coli in 
untreated water, since survival in autoclaved water was 
considerably greater than survival in filtered water. 


TABLE 1. Survival of Escherichia coli in untreated, filtered, and 
autoclaved portions of six sea water samples collected during 
July and August, 1957 


Survival after 48 hr in sea water sample no. 


Treatment 
1 2 3 4 b 6 
% % % % % % ; 
None 2.2 0.7 4.6 22.8 4.4 2.7 
Filtered 8.3 3.8 4.8 30.1 0.6 39.6 
Autoclaved 8.4 


30.9 64.6 53.6 69.6 38.5 
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The beneficial effects of autoclaving over and above 
those resulting from filtration may have been due to 
any one or a combination of possibilities that include: 
(i) destruction of bacteriophages; (ji) inactivation of 
thermolabile toxic substances such as antibiotics; (iii) 
increase in available nutrients. 

The influences of bacteriophages and antibiotics 
on the survival of E. colt in sea water were tested and 
discussed previously (Carlucci and Pramer, 1960c, d). 
The effectiveness of bacteriophages depends on growth 
and multiplication of host cells. Since sea water does 
not support development of cells of E. coli, coliphages 
have no significant influence on survival of the test 
bacterium and it is doubtful that they contribute to 
the bactericidal action of sea water. The biological 
effects of antibiotics in sea water vary with the nature 
and concentration of the antibiotic. It was observed 
that, although some antibiotics adversely influenced 
the survival of cells of 2. coli in sea water, the result 
was of academic interest only since relatively high 
concentrations were required and there is no evidence 
that antibiotics are produced under natural condi- 
tions by marine microorganisms. 

Nutrients. Since heat kills and disrupts microbial 
cells and degrades thermolabile compounds the third 
possibility listed above appeared reasonable, namely, 
that the concentration of available nutrients in sea 
water was increased by autoclaving. Previous studies 
(Vaccaro et al., 1950; Orlob, 1956; Carlueci and 
Pramer, 1960b) have shown that the addition of organic 
matter to sea water which was otherwise untreated 
increased the survival of F. coli. The effect varied with 
the composition and concentration of the substance 
tested. Relatively high levels were required and it was 
demonstrated that the ability of EF. coli to utilize 
organic matter added to sea water was limited by pH 
and salinity, as well as by competition from the in- 
digenous micropopulation (Carlucci and Pramer, 
1960b). Since sterilization by heat would simultane- 
ously eliminate competitors and increase the amount of 
available organic matter in sea water, lower nutrient 
levels may be required for a beneficial effect in auto- 
claved than in untreated sea water. Therefore, the 
influence of concentration of peptone on the survival 
of cells of E. coli in untreated and autoclaved portions 
of the same water sample was determined at daily 
intervals for 4 days. The results are illustrated in Fig. 1. 

The bactericidal action of the water was apparent 
from the more rapid death of cells of FE. coli in the un- 
treated than in the autoclaved unsupplemented portion 
of the water sample. Peptone at levels of 1 and 10 ppm 
favored survival of the test organism in both untreated 
and autoclaved sea water but the effect was greater 
in the autoclaved portions. A peptone concentration 
of 100 ppm supported growth of F. coli in both un- 
treated and autoclaved water and the increase in cell 
numbers was greater in the sterilized water. The re- 





duced benefit derived by cells of E. coli from pe). one 
added to water which was otherwise untreated was due 
in part to competition, since turbidity measurenints 
and plate counts showed that the indigenous micr« hia] 
population of the sea water increased with an incivase 
in the amount of peptone added. 

The survival of cells of EL. coli in sea water that was 
not sterilized but contained 10 ppm of peptone did not 
differ significantly from that in unsupplemented xuto- 
claved sea water; the addition of 10 ppm of peptone to 
sea water that was otherwise untreated eliminated the 
bactericidal action of the water. However, the effect 
lasted only 48 hr, after which cells of E. coli were ob- 
served to die off more rapidly in the peptone supple- 
mented unsterilized water than in the unsupplemented 
autoclaved water. It appeared that survival of the 
test organism in natural water would have been com- 
parable to that in autoclaved water for the duration of 
the experiment if the former had been supplemented 
with more than 10 ppm but less than 100 ppm of pep- 
tone. Although available organic matter in the form of 
peptone favored survival of EF. coli in sea water the 
magnitude of the effect was not great. The number of 
cells that persisted in sterilized sea water supplemented 
with 10 ppm of peptone was approximately 10 times 
that in sterilized but unsupplemented water 4 days 
after treatment, whereas the latter was more than 
1,000 times the number of cells that survived in water 
which was not sterilized or supplemented. If the 
favorable effect of autoclaving on the survival of cells 
of FE. coli in sea water is to be explained on the basis of 
an increase in concentration of available nutrients, 
it is necessary that the heat treatment release more 
than 10 but less than 100 ppm of organic matter, and 
this is unlikely, since the required range exceeds the 
organic matter content of sea water (ZoBell, 1946). 

To better evaluate the importance of competition 
and predation, the survival of 2. coli was measured in 
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ric. 1. Influence of concentration of peptone on the survival 
of Escherichia coli in untreated and autoclaved sea water. 
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untreated, filter-sterilized, and autoclaved portions 
of sea water samples with and without addition of 200 
ppm of glucose, peptone, and sewage volatile solids. 
The results summarized in Table 2 show that survival 
of the test bacterium varied with the composition of 
the organic material tested and the treatment to which 
the water sample was subjected. In all but one case, 
survival of EK. coli was greater in supplemented than in 
unsupplemented water. The exception was autoclaved 
coli multiplied in sea 
water supplemented with 200 ppm peptone. The addi- 
tion of glucose and sewage to sea water that was other- 
wise untreated increased survival but did not result in 
multiplication of the test organism. Removal by filtra- 
tion of predators and competitors caused an increase 
in growth of the test organism in water treated with 
peptone and permitted multiplication in water that 
received glucose. The survival of EF. coli in water sup- 
plemented with sewage was increased by filtration. 
Development of the test organism was similar in pep- 
tone-supplemented, autoclaved, and _filter-sterilized 
water, which might suggest that competitors and pred- 
ators were of primary importance in limiting utiliza- 
tion of peptone by EF. coli. The same explanation may 


water that received sewage. EF. 


TABLE 2. Influence of organic matter on the survival of Escherichia 
coli in untreated, filtered, and autoclaved sea water 


Survival after 48 hr after 
water treatment: 


Supplement 
None Filtered Autoclaved 

None 4.6 4.8 64.6 
Peptone, 200 ppm 272.7* | 2,;873.6* | 2,631.2* 
None 2.2 8.3 8.4 
Glucose, 200 ppm + 17.6 712.1* | 3,305.9* 

(NH4)2sHPOq-N, 4 ppm 
None 0.7 3.8 30.9 
Sewage (volatile solids), 200 5.0 | 18.6 20.2 

ppm 


* EF. coli multiplied. 


TABLE 3. Composition of four artificial sea waters 


Tomlinson Sverdrup MacLeod 


Constituent — and MacLeod et al and Onofrey 
. (1957) (1942) (1956) 
NaCl 2.4 2.4 2.7 2.4 
MgClo-6H:O 1.1 1.1 0.5 LJ 
NawSO,; 0.4 0.4 0.4 
CaCly-2H.O 0.1 0.2 0.2 
KC] 0.07 0.07 0.07 0.07 
NaHCO, 0.02 0.02 0.02 0.02 
1 KB 0.01 0.01 0.01 
SrCl.-6H2O 0.004 0.004 0.004 
H;BO, 0.003 0.003 0.003 
NaSiO;-9HO 0.0005 
NaF 0.0003 
NH.NO; 0.0002 
FePQO,-4H»O 0.0001 
) Mgs04-7H.0 7 


NaBr 0.008 
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be offered for the comparable survival of EF. coli in 
sewage-supplemented, autoclaved, and filter-sterilized 
water. On the other hand, growth of /. coli in auto- 
claved sea water supplemented with glucose was much 
greater than that in filtered water that received the 
same supplement, suggesting that development of the 
test organism in sea water containing glucose was 
limited not only by predators and competitors, but also 
by other factors not removed by filtration but destroyed 
by the autoclaving process. 

From these and other studies it is apparent that 
organic matter can influence the survival of FE. coli in 
sea water. However, the concentration required to 
obtain an effect of sufficient magnitude to overcome 
the bactericidal action is in the range of 10 to 100 ppm 
and exceeds the total organic matter content of pelagic 
water that is free of pollution. The report of Johan- 
nesson (1957) is unique in that the amino acid cysteine 
was demonstrated to be particularly effective, and to 
favor survival of FE. coli in sea water at organic matter 
levels that are conceivable under natural conditions. 
The beneficial effect of cysteine on survival of cells of 
E. coli in sea water was confirmed (Carlucci and Pramer, 
1960b) and studies of the mode of action of cysteine 
are in progress. 

On the basis of the present investigations it is con- 
cluded that the bactericidal action of sea water as 
measured by the difference in survival of cells of E. 
coli in untreated and autoclaved portions of water is 
not explicable in terms of the destruction or inactiva- 
tion by heat of bacteriophages or antibiotics. Although 
autoclaving kills and disrupts microbial cells and de- 
grades thermolabile compounds, the resulting increase 
in nutrient level is not adequate to explain the favorable 
effect of heat sterilization. Further evidence in support 
of this conclusion was obtained from studies with 
artificial sea water. 

TABLE 4. Survival of Escherichia coli in untreated and autoclaved 
portions of four artificial sea waters 


Survival after 24 hr 
Artificial sea water } oes i. 


Untreated 


Autoclaved 
% % 
VN) cr 3 <0.01 2.3 
Tomlinson and MacLeod (1957). .. <0.01 0.7 
MacLeod and Onofrey (1956). ........ <0.01 5.1 
Sverdrup ‘etal. (1942)... ..c. scccacn. <0.01 0.1 


TABLE 5. Influence of cysteine on the survival of Escherichia coli 
in artificial sea water 
Treatment Survival after 24 hr 


or 
¢ 


GG 65 060s nis stem net Saleloir 13.6 
NR ROI ap xe ore Gna reece eee <0.01 
Untreated + cysteine, 0.035 ppm.. <0.01 


Untreated + cysteine, 0.35 ppm.......... 0.3 


Untreated + cysteine, 3.5 ppm........... 20.3 
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Artificial sea water. Several formulations of artificial 
sea water have been used for various purposes by 
numerous investigators (ZoBell, 1946). To determine 
if artificial sea water exerted bactericidal action, the 
survival of F#. coli in autoclaved and untreated por- 
tions of four different formulations was determined. 
The composition of the waters employed is presented 
in Table 3. The simplest formulation contained 7 salts, 
whereas the most complex contained 13. They differed 
primarily in the composition and concentration of 
trace constituents. 

The results listed in Table 4 show that survival of 
the test organism was consistently greater in auto- 
claved than in untreated water but the magnitude of 
the effect varied. Artificial sea water prepared accord- 
ing to MacLeod and Onofrey (1956) had the greatest 
bactericidal action and the formulation of Sverdrup, 
Johnson, and Fleming (1942) had the least effect. The 
water chosen for further use was that of MacLeod 
and Onofrey (1956). It was more convenient to prepare 
than that of ZoBell (1946), more complete in major 
elements than that of Tomlinson and MacLeod (1957), 
and demonstrated a marked and consistent bactericidal 
action. Artificial sea water is a more simple system for 
study than natural sea water. It is of known com- 
position, and lacks bacteriophages, predators, com- 
petitors, antibiotics, and organic nutrients that are or 
may be present in natural sea water. However, the 
bactericidal action of artificial sea water may be caused 
by factors which differ from those responsible for the 
effect in natural sea water and, in such a case, identi- 
fication of the former will not clarify the latter. 

Evidence that the bactericidal action of artificial 
and natural sea water have a common basis was ob- 
tained from studies with cysteine. Since this com- 
pound is known to offset the bactericidal action of 
natural sea water (Johannesson, 1957; Carluecci and 
Pramer, 1960b), its effect on the survival of F. coli in 
artificial sea water was determined. The results listed 
in Table 5 show that survival of the test organism was 
greater in autoclaved than in the untreated artificial 
sea water. Cysteine at a concentration of 0.035 ppm 
was without effect, but survival was increased by 0.35 
ppm and in water that received 3.5 ppm of cysteine 
but the test 
organism exceeded that in autoclaved water. Further 
study is required to identify the factors responsible 
for the bactericidal action of artificial sea water and 
to establish that the same or different factors are 
responsible for the more rapid death of EF. coli in un- 
treated than in autoclaved natural sea water. 


was otherwise untreated, survival of 
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ABSTRACT 


Wituiams, P. P. (U.S. Department of Agriculture, 
Beltsville, Md.), R. E. Davis, R. N. Dortrscu, anp 
J. GurrerRREz. Physiological studies of the rumen 
protozoan Ophryoscolex Eberlein. Appl. 
Microbiol. 9:405-409. 1961.—The rumen ciliate Ophry- 
oscolex caudatus fermented starch with the production 
of acetic, butyric, and lactic acids plus CO: and He. 
(Cellulose was not significantly metabolized although 
pectin was rapidly attacked in the Warburg apparatus. 
The protein sources, cottonseed, soybean, and linseed 
oil meals, and the amino acids, DL-alanine, pDL-valine, 
and pt-leucine, were utilized by the protozoan, whereas 
ammonia was demonstrated as an end product of 
nitrogenous metabolism. Methods for the separation 


caudatus 


of O. caudatus from mixed rumen contents are de- 
scribed. 





Ophryoscolex caudatus Eberlein is one of the large 
rumen ciliates occurs in high 
numbers when animals are fed diets which are rich in 


which occasionally 
starch. The physiological functions of the protozoan 
are of some interest both from the standpoint of cellular 
metabolism and because of their effect on the host. 
0. caudatus does not usually swallow cellulose materials 
as does Diplodinium, but will ingest starch grains 
(Hungate, 1955). Little is known of other carbohy- 
drate or nitrogenous nutrients utilized by the proto- 
20an; ammonia production by mixed species of rumen 
protozoa has been suggested by the work of Warner 
(1956), and Blackburn and Hobson (1960) have at- 
tributed some of the rumen proteolytic activity to 
the protozoa. The purpose of the present investigation 
was to gain some knowledge of the nutritional habits 
of O. caudatus, along with information of fatty acid 
and nitrogenous excretory products. 


MATERIALS AND METHODS 


The inorganic salt solution used in the physiological 
studies of O. caudatus contained (w/v): NaCl, 0.5%; 
MeSOx, 0.005%; KH2PO,, 0.1%; CaCl, 0.005%; and 


' Presented in part at the 60th general meeting of the Society 
» of American Bacteriologists, Philadelphia, Pa. May 1-5, 1960. 


NaHCOs, 0.1%. The salts, except sodium bicarbonate, 
were dissolved in distilled water and sterilized by Seitz 
filtration. The sodium bicarbonate was autoclaved 
separately in a 10% solution and added to the filtered 
salt solution while the liquid was bubbled with 95% 
Nz and 5% COs gas for 15 min at a temperature of 39 C. 
The salt solution had a pH of 6.9. 

O. caudatus in counts of approximately 4,000 per ml 
in rumen samples, removed by stomach tube from a 
steer 2 hr after the morning feeding, were collected in 
1-liter Erlenmeyer flasks. The steer’s diet consisted 
of alfalfa hay, 22%; soybean oil meal, 16%; barley, 
61%; and salt, 1%. The rumen liquor was kept in a 
water bath at 39 C while the mixed protozoan popula- 
tion settled. Fifty milliliters of the sediment were 
placed in 25 ml of inorganic salt solution in a large 
rubber-stoppered test tube and flushed with 95% 
Ne and 5% COs (Stone and Beeson, 1936), and stored 
at 39 C until used. The plant debris that floated to 
the top of the protozoan suspension was removed by 
pipette and additional salt solution was added to the 
tube and flushed with 5% CO, to maintain anaerobic 
conditions. The protozoa were allowed to settle out 
for approximately 5 min and were then examined micro- 
scopically. Entodinium, Dasytricha, and Isotricha were 
observed for the most part in the supernatant; Ophry- 
oscolex and a few Diplodinium species, which were more 
dense than either Endodinium or Dasytricha, and slug- 
gishly motile as compared to species of Jsotricha, were 
found primarily in the grayish-white sediment in the 
bottom of the tube. 

To obtain pure samples of O. caudatus for experi- 
mentation, the following techniques of column sedi- 
mentation were employed: (i) the lighter and more 
active protozoa were drawn off in the supernatant 
after the protozoa were allowed to settle for about 5 
min. The supernatant was replaced with an equal 
amount of inorganic salt solution. Forms removed by 
this process included Dasytricha, Entodinium, and 
Tsotricha; (ii) the remaining sediment was resuspended 
in 50 ml inorganie salt solution. The large Dipodiniuwm 
settled out more rapidly than the Ophryoscolex, and 
removal of the early sediment eliminated this species. 
The remaining sediment was microscopically exam- 
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ined for purity before (iii) dispensing the suspension 
into a long vertical glass column (dimensions: 146 em 
long, 1.7 em diameter, 270 ml volume) filled with 
inorganic salt solution. O. caudatus settled out in the 
bottom, and any Entodinium and Dasytricha remained 
in the upper portion of the column. The collected 
protozoa were placed in salt solution containing | mg 
per ml each of dihydrostreptomycin sulfate and 
procaine penicillin G. One-half milliliter of the proto- 
zoan sediment from the column in 12 ml of the anti- 
biotic salt solution gave a protozoan count of approxi- 
mately 4,000 per ml. Accurate counts were made by 
bubbling and protozoan suspension rapidly with a 
0.1-ml pipette by exhaling through it and then sucking 
a 0.1-ml aliquot rapidly. Aliquots of 0.01 ml were then 
counted, averaged, and the total count determined 
per ml. Methylene blue in 50% (v/v) ethanol was used 
to stain wet mounts for morphological observations 
and the oligotrich ciliate was identified using the keys 
of Dogiel (1927) and Becker and Talbott (1927). 

To check the purity of the protozoan suspensions 
which were used in the metabolism studies, Gram 
stain smears were made of the washed protozoan sus- 
pensions and microscopic observation showed only a 
few scattered bacterial cells. As an additional pre- 
caution against bacterial activity in the Warburg 
experiments, a control vessel, containing the antibiotic- 
treated supernatant fluid free of protozoa, was used 
to measure the amount of gas evolved by any con- 
taminating bacteria. The amount of gas produced by 
this final washing fluid was always negligible. 

Respiration studies using the Warburg apparatus 
were made with 2 ml of the anaerobic salt solution 
containing 10,000 to 12,000 O. caudatus and 1 mg of 
dihydrostreptomycin sulfate and procaine penicillin 
G per ml. From 8 to 10 mg of the particular substrate 
in 0.2 ml salt solution were provided from the vessel 
side arm. Metabolic activity was determined by com- 
parison with an endogenous vessel and hydrogen pro- 
duction was measured by exposing the gas to palladium 
in the center well of the Warburg vessel, while the 
temperature for all the experiments was 39 C and the 
gas phase 95% Ne and 5% COn. 

In isotopic tracer experiments to determine sub- 
strate utilization, O. caudatus collected and 
purified by column sedimentation as previously de- 
scribed, and suspended in 5 ml of buffered inorganic 
salt solution. Cell concentrations ranged from 3,000 to 
5,000 organisms per ml. To the suspension was added 
0.5 ue of the radioactive substrate which was to be 
tested. A 100-ul sample of this original culture was 
removed and placed on a planchet for counting. The 
protozoa were then incubated for 1 hr at 39 C and 5% 
CO. and 95% 
conditions. 


were 


Neo was used to maintain anaerobic 


After incubation, the cells were washed twice in 10 
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ml of tap water to remove most of the extracellular 
radioactivity, and 100 ul of the washed cel!- were 
placed on a planchet; for a control a planet was 
prepared containing a 100-ul sample of the fins! wash 
supernatant free of protozoa. The planchets were dried 
under an infrared lamp and 5-min counts were made 
for each sample using a gas flow counter and scaler: 
samples were plated at less than 0.5 mg per cm? to 
reduce self-absorption. Background counts were taken 
also on a 5-min basis, and all counts were recorded as 
average counts per min. Substrates? tested included 
starch-U-C™ (specific activity 15.2 me 
leucine-2-C™ (specific activity 0.05 me/mm), pL- 
valine-4-C™ (specific activity 3.0 me/mm), and pL- 
alanine-2-C'' (specific activity 2.64 me/mm). 

Ammonia production by O. caudatus was determined 
by the Conway (1950) technique. Optical density 
readings were made on a Beckman quartz spectropho- 
tometer model DU* set at 490 mp and compared to a 
standard curve in which (NH,).SO4 was used as a source 
of NH;. Nessler’s solution was prepared as described 
by Umbreit, Burris, and Stauffer (1957). 


mM), DL- 


RESULTS 
Identification of the protozoa. The protozoan dimen- 
sions were approximately 200 by 80 yu, depending on 
the length of time after cell division. The cell was ovoid 


and terminated posteriorly in a single spine whieh | 


was longer and broader than the other pre-anal spines. 
The mouth was observed to be surrounded by an 
adoral zone of membranelles and a dorsal zone of 
membranelles covered four-fifths of the 
body. The protozoan was identified as O. caudatus 
Eberlein (Vig. 1). 

2 Supplied by California Corporation for Biochemical Re- 
search, Los Angeles, Calif. 

3 Becton Instruments, Inc., Fullerton, Calif. 





FIG. 1. Ophryoscolex caudatus stained with methylene blue. f 


Bright field. Magnification, 343 X. 
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Substrates utilized by O. caudatus. Preliminary 
Warburg apparatus studies indicated rapid utilization 
of washed, finely ground rice starch with the produc- 
tion of H. and CO.. The gas pressure in millimeters 
Brodie’s solution is plotted against time in Fig. 2. 
The endogenous line in Fig. 2 refers to protozoa ex- 
posed to 0.2 ml of inorganic salt solution minus sub- 


} strate. The adsorption of H» with palladium is illus- 


trated by the reduction from 215 mm pressure on the 


/ CO. and Hy curve to the 80 mm pressure noted on the 


CO. curve. 
The crude substrates, cottonseed oil meal, soybean 


oil meal, and linseed oil meal, were utilized in Warburg 


experiments, and gave a total of 225 mm pressure as 
compared to approximately 150 mm pressure in the 
endogenous vessel and manometer. The protozoa at 
the end of the run were filled with the substrates and 
actively motile. O. caudatus did not produce significant 


amounts of gas from the polysaccharide cellulose 
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FIG. 2. Gas production from the utilization of rice starch in 
Warburg experiments by Ophryoscolex caudatus. The protozoa 


were suspended in 2 ml of 0.6% saline buffered with 0.1% NaHCO; 
and the gas phase was 6% CO» and 95% No». 
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) FIG. 3. Comparison of the gas production from the degradation 
; of rive starch, pectin, and cellulose by Ophryoscolex caudatus. 
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which followed the endogenous curve closely (Fig. 3). 
The cellulose curve was also representative of that 
obtained with the soluble carbohydrates: maltose, 
glucose, galactose, cellobiose, and sucrose. However, 
the colloidal carbohydrate pectin (previously neu- 
tralized with 0.09 nN NaOH) was rapidly attacked and 
gave a pressure increase of approximately 180 mm in 
80 min compared to approximately 100 mm pressure 
in the endogenous vessel. 

Since the crude protein sources, cottonseed, soybean, 
and linseed oil meal, were readily utilized by O. cauda- 
tus, tracer amino acids were employed to determine if 
the protozoa could attack a soluble, chemically de- 
fined nitrogen source. One-hour incubation periods 
with C-labeled amino acids showed that O. caudatus 
readily concentrated p-leucine, DL-alanine, and DL- 
valine within the cells. Starch-U-C™ was also incorpo- 
rated in the protozoa. Table 1 gives the magnitude of 
the radioactivity found in the protozoa in the experi- 
ments. 

Metabolic end products. To determine the fermenta- 
tion acids of O. caudatus, the organisms were collected 
and purified as described earlier, and placed in two 
large test tubes containing 70 ml of previously gassed 
salt solution. To both tubes were added 100 mg washed 
rice starch and 40 mg each of dihydrostreptomycin 
sulfate and procaine penicillin G. In one tube, the 
organisms were killed at the beginning of the experi- 
ment by addition of 2 ml of 5 nN H.SO.; the second tube 
was allowed to ferment the starch for 5 hr at 39 C, at 
which time the culture was killed by adding 2 ml of 5 
N H.SO,. A count of the number of cells in the experi- 
mental and control tubes averaged 3,200 cells per ml 
in 77 ml total volume. 

The contents of the experimental and control tubes 
were steam distilled and the distillate neutralized by 
titration with 0.09 N NaOH. The neutralized distillates 
were evaporated to dryness and used for chromato- 
graphic analysis of the volatile acids. The liquid residue 
from the steam distillation was used for the analysis of 
the nonvolatile acids. The volatile acids (0.15 meq) 
were chromatographed on paper in 20-ul amounts 
opposite a spot of mixed known fatty acids, formic, 


TABLE 1. Incorporation of labeled amino acids and starch by 
Ophryoscolex caudatus 


Radioactivity in counts/min/100 ul 


Substrate a —— 7 —— 
Initial culture Cells Supernatant* 
pL-Valine-4-C™4 12,146 1,074 38 
pL-Leucine-2-C'4 6,171 1,798 170 
pL-Leucine-2-C' 6,790 813 18 
Starch-U-C'! 6,822 207 21 


* Radioactivity of the final wash water in which the proto- 
zoa were rinsed. The number of cells contained in 100 ul of the 
buffer solution was approximately 16,000. 
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acetic, propionic, and butyric, in their sodium salts. 
The acids were chromatographed ascending in 1% 
ethylamine-butanol and the paper was treated with 
0.04°° bromeresol green in ethanol, giving blue spots 
on a yellow background (Block, Durrum, and Zweig, 
1955). The chromatographed volatile portion indicated 
the presence of two of the lower fatty acids, acetic 
and butyric acids. The occurrence of lactic acid as a 
fermentation product of starch-fed O. caudatus was 
determined from the nonvolatile portion of the culture. 
Only small traces (less than 0.09 meq) of the acid were 
encountered when analyzed by methods previously 
described (Gutierrez, 1955). 

For the detection of ammonia production, 3 ml of a 
suspension of O. caudatus (3,000 per ml), which had 
been deprived of substrate for 4 hr in an antibiotic 
salt solution, were dispensed in test tubes flushed with 
5% CO, and 95% Ne. Duplicate tubes, containing 10 
mg casein, 10 mg starch, and an endogenous set, were 
prepared. All the tubes were then incubated at 39 C 
for 2 hr and 2 ml of the protozoan suspension from 
each tube were dispensed in the outer well of the Con- 
way dish and analyzed for ammonia by the method 
of Conway (1950). Experiments with O. caudatus 
revealed that 0.8 umoles of NH; were released from 
6,000 protozoa exposed to 6.6 mg of casein after 2 hr 
incubation at 39 C. With the same experimental con- 
ditions, only 0.1 wmole NH; was produced by the 
protozoa from 6.6 mg of starch. 

Discussion 

The rapid breakdown of starch by O. caudatus 
indicates that the protozoa may contribute signifi- 
cantly to the digestion of the polysaccharide in the 
rumen. As was shown in the current experiments not 
only was the starch ingested by the organism, but the 
digestion was accompanied by the production of acetic, 
butyric, and lactic acids, CO, and Hy. An additional 
product from the breakdown of casein was ammonia. 
The quantitative experiments on ammonia production 
from casein by known numbers of O. caudatus show 
that at least for some of the ruminal protozoa this 
can be an important end product, and the protozoa 
probably are a factor in the nitrogenous metabolism of 
ruminants. 

The possession of proteolytic properties by O. cauda- 
tus, which was demonstrated in the casein and soybean 
oil meal experiments, indicates that the protozoa are 
agents which function in the breakdown of ingested 
food proteins. Ingestion and disintegration of bacterial 
cells by the protozoa has been demonstrated also 
(Gutierrez and Davis, 1959; Gutierrez, 1958). A protein- 
ase for the oligotrichs was suggested by Schlottke as 
early as 1936, and Blackburn and Hobson (1960) have 
reported the ingestion of stained casein particles with 
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their subsequent disappearance in some spe. os of 
oligotrich protozoa. Amino acids can also be | ssimi- 
lated to some extent by O. caudatus as wasdemoi). | rated 
in the tracer experiments; a similar phenome). \ has 
been shown for the ciliate Colpidium campylwi (Hall 
and Elliott, 1935). Thus the protozoan compet: < with 
some species of ruminal bacteria which are cap: ble of 
attacking amino acids. Bladen, Bryant, and | vetsch 
(1961) have found the ruminal bacterial species 
Bacteroides ruminicola can break down DL-serine, L- 
aspartic acid, and L-cysteine with ammonia produe- 
tion, and Dehority et al. (1958) have reported C". 
labeled valine and proline were metabolized by mixed 
rumen contents. The amino acid composition of the 
proteins in the ration probably influences the rate of 
ammonia production in the rumen since some amino 
acids are preferentially utilized by the protozoa and 
bacteria (Lewis and Elsden, 1955). 

O. caudatus differs markedly from species of the 
holotrich group which includes Jsotricha prostoma, I. 
intestinalis, and Dasytricha ruminantium. The latter 
three species have been shown to rapidly attack soluble 
carbohydrates such as glucose, fructose, and sucrose 
with the production of cellular amylopectin, fatty acids, 
and gases (Heald and Oxford, 1953; Gutierrez, 1955). 
In the current experiments with O. caudatus, glucose 
and maltose did not give significant gas production 
in the Warburg apparatus, although the possibility 
exists that these carbohydrates may be utilized slowly. 
Manometric experiments with Entodintum have shown 


glucose is not utilized by the oligotrich protozoan | 


(Abou Akkada, Hobson, and Howard, 1959). This 
points out one of the major differences in the biochemi- 
cal properties between the oligotrich and_holotrich 
ruminal protozoa, that is the rapid utilization oi 
soluble carbohydrates by the latter group which is 
not shared by the former. 

The major fatty acid end products of starch fermen: 
tation in washed suspensions of O. caudatus incubated 
with antibiotics were acetic and butyric acids with 
traces of lactic acid. The oligotrich protozoan thi 
differs from the holotrichs Jsotricha and Dasytrichi 
since species of these two genera produce mainly lacti 








acid plus acetic and butyric acids from the fermenta-| 
tion of glucose (Heald and Oxford, 1953; Gutierre?, 
1955). Abou Akkada et al. (1959) have analyzed the| 
end products of starch digestion by the small oligo-| 
trich Entodinium; the mixture of acids found wa 
formic, acetic, propionic, and butyric plus smal 
amounts of lactie acid. In the ruminal oligotrich prote- 
zoa, lactic acid is not an important acidic end produc 
and this characteristic has aided in making the oligo: 
trichs amenable to culture in vitro (Hungate, 1942 
Coleman, 1960). A pH near neutrality was shown t' 
be an important factor in the culture of Diplodiniw 
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neylectum (Hungate, 1942); culture of holotrich species 

has been possible only for short periods (Gutierrez, 

1955). 
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ABSTRACT 


ScHWINGHAMER, E. A. (Brookhaven National 
Laboratory, Upton, N. Y.), ANp R. L. DatMas. Studies 
on induced variation in the rhizobia. II. Radiation sensi- 
tivity and induction of antibiotic-resistance markers. 
Appl. Microbiol. 9:410-414. 1961.—The relation be- 
tween survival and dose of ultraviolet (UV) light or 
X rays was, with only one exception, nonlinear for 
late-log-phase cultures of four species of Rhizobium. 
The LDgo for different bacterial strains ranged from 400 
to 3,000 ergs per mm? for UV treatment, and from 3.0 
to 7.5 kr for X-ray treatment. 

Minor existing differences in response to some anti- 
bacterial compounds (disc tests) were usable as second- 
ary markers for genetic experiments. Spontaneous and 
radiation-induced mutants, resistant to high levels of 
several antibiotics, notably dihydrostreptomycin and 
erythromycin, were isolated for primary marker pur- 


poses. A significant phenotypic lag for mutation 
to dihydrostreptomycin resistance was noted for 


UV-irradiated cells. The UV-induced frequency ex- 
ceeded the X-ray-induced frequency by a factor of 
at least three, at a comparable level of lethality. 
No significant change in the symbiotic capability 
was observed in rhizobial strains marked with anti- 
bioties resistance. 





Attempts to modify infectiveness (noduleforming 
ability) and effectiveness (ability to fix nitrogen) in the 
rhizobia are complicated by a number of experimental 
factors, including airborne or seedborne rhizobial con- 
tamination, varying degrees of cross-nodulation, and 
problems of detecting the rarely occurring variants on 
the host plant. Experimental evidence for any such 
modification thus rests primarily on an adequate system 
of marker characters, rather than on tests of statistical 
significance. This paper describes the dose-survival 
response of some rhizobial strains to ultraviolet light 
(UV) and X rays, and the induction of antibiotics 
resistance as a marker character. Radiosensitivity 
determinations and the marking of cultures are being 
directed toward studies involving modification of the 
symbiotic characteristics of Rhizobium. 


410 


MATERIALS AND METHODS 


Cultures and media. Some of the strains of Rhizobium 
were provided by the Nitragin Company, Milwaukee, 
Wisc.; other strains were isolated from field collections 
of nodules. The nutrient media and nodulation testing 
techniques used are described in the previous report 
(Schwinghamer, 1960). The GiSY (glucose-salts-yeast 
extract) medium and the double layer, surface-layering 
method of plating were used for the dose-survival ex- 
periments and most of the antibiotic experiments, 
unless otherwise indicated. 

Radiation treatments. Irradiation factors pertaining 
to the X-ray unit are the following: G. E. Maxitron 
250 therapy unit!; 250 kvp; 30 ma; filter, 1.0 mm Al + 
0.25 mm Cu; HVL, 0.9 mm Cu; dose rate in air, rang- 
ing from 600 to 700 r per min between experiments. The 
UV source was a 15-w G.E. germicidal lamp,” used with 
a standard fluorescent }amp fixture and voltage regu- 
lator. The average 2537 A intensity (calibrated with an 
Eppley* thermopile-galvanometer system and a 
standard lamp) incident at the bacterial suspension 
surface, 12 in. distant from the lamp surface, was ca. 
7.3 ergs per mm? per sec. This intensity was obtained 
from a 4-in. slit at the linear center of the foil-covered 
lamp and allows for approximately 27 % UV absorption 
by a cellophane membrane (300 PT, uncoated)! cover 
placed over the irradiation dish. 

Cells to be irradiated were generally taken from 
broth cultures in the late log phase of growth (5 X 10° 
to 10° cells per ml). The cells were washed by centrifu- 
gation and resuspension in a salts solution (G,SY broth 
without glucose and yeast extract). For mutation 
experiments involving high-lethality exposures, the 
titer was increased to the desired level upon resuspen- 
sion. The chilled cell suspension was exposed in a 
sterile, cellophane-covered dish assembly and agitated 
during irradiation by a magnetic stirrer. The same 
assembly was employed for both UV and X-ray 
exposure, although the maximal depth of suspension 

' General Electric X-ray Corporation, Milwaukee, Wisc. 


2 General Electric Cleveland, Ohio 
’The Eppley Laboratory, Inc., Newport Road, R. I. 


* E. I. duPont de Nemours and Company, Inc., Wilmington, 


Del. 
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1961} INDUCED VARIATION IN RHIZOBIA 411 
for exposure to UV was maintained at 5 mm, as com- the apparent frequency and distribution (diminution of 
pared to 10 mm for X-ray exposure. Irradiated cell background resistant colonies with increase of anti- 
suspensions were chopped for 1 min. in a Waring biotic gradient above the threshold zone) of spon- 
Blendor to minimize clumping error. In the dose-sur- taneous variants. For more quantitative estimations, 
vival experiments the appropriately diluted cell suspen- as in the induced mutation experiments, the antibiotic 
sions were plated in triplicate in a 2-ml soft agar (0.9 %) was incorporated in the agar at known concentrations. 
layer on a 1.5% agar base. The layering sequence for quantitative isolation of 
Antibiotic experiments. The antibiotic paper-dise antibiotic-resistant mutants from irradiated cell popu- 
(Difeo® Bactosensitivity Disks) test was used for pre- lations was as follows, using Petri plates (15 by 100 
liminary evaluation of strains to a group of 31 anti- mm): 20 ml basal layer of 1.5% agar; 2 ml soft agar 
bacterial compounds. Routine screening experiments of bacterial layer, at approximately 5 X 108 cells per ml; 
this nature were made to catalog interstrain differences 3 ml soft agar “buffer” layer; following an appropriate 
in antibiotics resistance (for marker purposes), and to period of postirradiation growth (usually 2 to 3 cell 
— note the frequency of resistant colonies in inhibition divisions), 15 ml soft agar containing the antibiotic at 
kee, zones as a preliminary indication of mutability in a 2.6 times the desired final concentration. 
seas culture. Antibiotics or drugs subsequently selected for 
ung use in isolation of resistant variants were the following: RESULTS AND Discussion 
ine dihydrostreptomycin sulfate, erythromycin,® penicillin, Radiation dose-survival response. Studies on inactiva- 
_ bacitracin, nitrourantoin.’ tion of cells by UV and X rays included a comparison 
ang The gradient plating technique (Szybalski and of strains representing the four species of Rhizobium 
| eX- Bryson, 1952) was employed to determine the approxi- involved in subsequent mutation experiments. In the 
nits, mate concentration threshold for inhibition, as well as semilog dose-survival plots of Fig. 1, the letter prefix 
; eh : ; . (L, P, T, and M) for each strain number denotes the 
ning > Difco Laboratories, Inc., Detroit, Mich. Pe : ; ae as : 
‘tron § Erythrocin, Abbott Laboratories, North Chicago, Illinois ™ responding pees, sai: R. leguminosarum, R. phase- 
Kl + and llotyein, Eli Lilly and Co., Indianapolis, Ind. oh, R. trifoltt, and R. meliloti. Lee 
oni ’ Furadantin, Eaton Laboratories, Norwich, N. Y. Concerning relative radiosensitivity, the interstrain 
| rhe 100 5 100 
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Sa eo y L 0.1 L 1 ih | 
sania 0 2 3 ) 2 4 6 8 10 
-" DOSE (ergs/mm2, x 103) DOSE (kr) 


MG. 1. Radiation dose-survival plots of cells of Rhizobium leguminosarum strain L41, R. phaseoli strain P42, R. trifolii strains T5 
Peer ani T311,and R. meliloti strain M4. Tests for linearity of the data were made by the method of least squares and chi-square (x2) analysis 
ington, Rieke : Meee ; ‘ 
8 ; of the deviations from regression. Error limits at experimental points denote +1 se. 








412 


divergence is somewhat greater for UV (LDo range = 
400 to 3,000 ergs per mm?) than for X-ray (LD9o range = 
3.0 to 7.5 kr) treatment, but the general level of sensi- 
tivity is comparable to that of nonrhizobial species of 
bacteria (Zelle, 1955). The dose-survival relationship 
was exponential in only one experiment (strain L41, 
X-rays), all other curves indicating varying degrees of 
multiplicity. Although the experiments were not de- 
signed for multihit or target number determinations, 
it is interesting to note that these curves appear to 
” (at low doses) charac- 
teristic of many multihit systems—a feature also ob- 
served by Lerman and Tolmach (1959) for pneumo- 
coccal deoxyribonucleic acid inactivation. Preliminary 
analyses of the data by semilog plots of the Atwood and 


lack the significant ‘‘shoulder 


Norman (1949) ‘‘g’” function versus dose do indeed 
indicate two slope-curves, with a slight inflection oc- 
curring in the LD7o-s9 range for both radiations. Extrapo- 
lation of the estimated initial slopes to the ordinate 
gave multiplicity values ranging between two and 
three. This two-slope phenomenon suggests the possi- 
bility of at least two target systems of different sensi- 
tivities (Atwood and Norman, 1949; Schwinghamer, 
1958). It is recognized, however, that both the slope 
and the multiplicity of the curves are subject to modifi- 
sation by experimental variables, e.g., the metabolic- 
cytological state of the cells during irradiation, the 
postirradiation growth conditions (Alper and Gillies, 
1958), or a relatively high rate of lysis induced in 
lysogenic cultures (unpublished observation) at low 
doses. Cell clumping was not a significant factor con- 
tributing to multiplicity, since microscopic examination 
of a chopped cell suspension (diluted to 107 cells per ml) 
indicated that a maximum of only 5% of the cell 
entities consisted of more than one cell. 

Differentiation of cultures by the antibiotic disc test. 
Sereening of 26 rhizobial strains for reaction to 31 
antibacterial agents (antibiotics, sulfa drugs, and other 
compounds) revealed some relatively low-level but 
differences which suitable for 
“secondary” or confirmatory markers in genetic ex- 
periments. The compounds, used in dises at the desig- 
Table 1 on the 
basis of their ability to differentiate between strains or 
species. It is recognized that some of the compounds 
group C, Table 1, probably would have 
detec.ed differences if used at higher or lower concen- 


discrete are use as 


nated concentration, are classified in 


listed in 


trations. The sulfa drugs were especially effective in 
distinguishing low level interstrain differences, three of 
the compounds listed in group A being sulfa-type 
derivatives. The high sensitivity of the rhizobia to 
chlortetracycline (also other tetracycline compounds) 
and the apparent separation of R. meliloti cultures from 
those of the other species is in agreement with the results 
reported by Smith (1958). The latter response (R. 
meliloti versus the L-P-T group) appears to confirm 
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some of the species kinships already suggested for 
Rhizobium by other experimental criteria (Allen «nd 
Allen, 1950), notably phage reaction (Conn, Bottsv ier, 
and Randall, 1945). The apparent close relationshi») of 
the L-P-T group of species points to this group «s a 
logical nucleus for initial experimental attempt- to 
modify infectiveness or effectiveness in the rhizob 
Isolation of antibiotic-resistant mutants. In view 01 the 
relatively limited application of the above-described 
secondary markers in distinguishing among = some 
rhizobial strains, the effective application of resist ince 
to antimicrobial agents as a marker character requires 
relatively high levels of resistance to any desired com- 
bination of two or more antimicrobial agents. Mutant 


” 


strains bearing such “primary” markers were isolated 


TABLE 1. Grouping of 31 antibacterial agents according to thei 
ability to differentiate strains of Rhizobium leguminosarum, 
R. phaseoli, R. trifolii, and R. meliloti in disc tests 


A. Compounds distinguishing between one or more strains, 
intra- or interspecific :* 

Sulfamethizole (300)7| Dihydrostreptomy- | Bacitracin (10) 
cin (10) 

Erythromyein (15) 

Chloramphenicol 
(30) 

p-Aminosalicylic 
acid (100) 


Nitrofurantoin (300) 
Sulfisomidine (300) 


Penicillin (10) 
Sulfamerazine (300) 


B. Compounds indicating some degree of interspecific 
differentiation: 


Dihydrostreptomycin (10) (R. meliloti strains sensitive; other 
strains resistant) 

Vancomycin (30) (2. meliloti strains slightly less sensitive) 

Isonicotinie acid hydrazide (25) (R. meliloti strains slightly 
more sensitive) 


C. Compounds showing no consistent separation of any strains: 


All strains moderately 


. All strains resistant 
sensitive 


All strains sensitive 


Chlortetracycline Streptomycin (10) Carbomycin 
(30) (15) 
Oxytetracycline (30) | Viomyein (10) Oleandomycin 
(15) 
Tetracycline (30) Spiramycin (30) 
Novobiocin (30) 
Sulfisoxazole (30) 
Sulfadiazine (300) 
Sulfathiazole (300) 
Methenamine man 
delate (3,000) 


Vancomycin (30) 
Kanamycin (30) 
Neomycin (30) 
Ristocetin (30) 
Polymyxin B (300) 
Nitrofurazone (300) 


* No intraspecific separation of strains noted in R. meliloti 
The latter responded as a group. 

+ Concentration of penicillin, bacitracin, and polymyxin B 
is given in units per disc; for all other compounds it is given in 
ug per disc. Arbitrary estimates of sensitivity relate to the 
given concentration of the compound as used under standard 
ized experimental conditions. 
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from both nonirradiated and irradiated cell populations. 
Mutation for resistance to dihydrostreptomycin fol- 
lowed a pattern which is characteristic for this anti- 
i.e., selected resistant colonies included highly 
resistant mutants mutation) as well as 
mutants resistant to lower levels of the antibiotic. The 


biotic, 
(one-step 


frequency and relative level of mutation to resistance 
appear to be markedly lower for other antibiotics used 
in other experiments. Strains doubly marked for re- 
sistance thus bear dihydrostreptomycin resistance as 
the first marker and resistance to erythromycin, baci- 
tracin, nitrofurantoin, or other compounds as a second 
marker. In most marked strains of the L-P-T group the 
level of resistance exceeds that of the unmarked parent 
and most other stock strains by a factor of at least five. 
The growth inhibiting concentration of R. trifoliz strain 
T5 (str', ery"), for example, is 2,500 ug per ml for 
dihydrostreptomycin and 100 yg per ml for erythro- 
mycin, as compared to corresponding concentrations of 
300 and 15 wg per ml for the unmarked T5 parent. 
Concerning possible side effects associated with muta- 
tion to antibiotic resistance, several erythromycin- 
resistant strains were somewhat slower growers than 
the parent strains on the medium not containing the 
antibiotic. This may have been due to simultaneous 
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15 
HOURS OF POST-IRRADIATION GROWTH 

rig. 2. Phenotypic lag in UV-irradiated cells of Rhizobium 
trifolii strain T5. The frequency of dihydrostreptomycin-resistant 
mutants is plotted as a function of the postirradiation growth 
period (on agar) preceding addition of the antibiotic (1,600 
ug/l). Breaks in the curve ( 
division (at 27 C). 


) denote the estimated time of cell 
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mutation and selection for resistance to comparatively 
toxic adjuvants in the erythromycin preparation 
(Erythrocin), since such a reduction in growth rate was 
less evident in mutants selected for resistance to an- 
other erythromycin product (Ilotyein). 
Dihydrostreptomycin resistance was also employed 
in a limited study of experimental variables that might 
be applicable to other induced mutation systems in the 
rhizobia. The two main variables under consideration 
were (i) the phenotypic lag period, and (ii) comparison 
of the mutagenic effectiveness (based on the common 
denominator of lethality) of a nonionizing and an 
ionizing radiation, i.e., UV versus X rays. Evidence of a 
marked delay in phenotypic expression of mutation to 
dihydrostreptomycin resistance was obtained from 
preliminary experiments in which the irradiated cells 
were grown in broth for varying periods of time prior to 
plating on antibiotic agar. In subsequent experiments 
(Fig. 2 and 3) all postirradiation growth was confined 
to agar culture, as already described, to permit a more 
accurate estimation of mutation frequency following a 
given period of incubation. The induced mutation 
frequencies were obtained by subtracting the frequency 
of background resistant colonies (nonirradiated con- 
trols) from the frequency of resistant colonies in 
irradiated populations grown for identical postirradia- 
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FIG. 3. Effect of dose of X rays on the frequency of induced 
mutation to dihydrostreptomycin resistance (1,500 ug/ml). The 
antibiotic was added after 10 hr of postirradiation growth. The 
dose scale of UV and X-ray units is equilibrated on the basis of 
lethality. 
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tion periods. The background or spontaneous mutation 
frequency (colony basis) was also expressed on a cellular 
basis (Fig. 2, controls) by correcting for the estimated 
number of cells per colony at each growth period. The 
maximum phenotypic lag period which could be 
evaluated was limited to three or four cell divisions 
because of growth interference from the heavy back- 
ground of nonmutant colonies when the antibiotic 
overlay was delayed more than 13 to 15 hr. This period, 
however, was considered adequate for the practical 
consideration of this study, i.e., determination of 
optimal conditions for mutant recovery, rather than 
determination of the full extent of the lag. From Fig. 2 
it is evident that zero-point mutation in UV-treated 
cells of R. trifolium strain T5 is negligible, and that 
there is a decided lag, extending beyond the third cell- 
generation stage of postirradiation growth. The maxi- 
mal relative increase of mutation expression appears to 
occur at the 6- to 9-hr stage of postirradiation growth, 
although the greatest absolute gain occurs in the 10- to 
15-hr period of growth. It should be noted that division 
time of UV-irradiated cells is appreciably delayed, 
relative to control or X-irradiated cells. 

The lag period for X-irradiated cells was not deter- 
mined in these experiments because of low survival and 
low mutant colony counts at the dose used. At the 
selected postirradiation growth period of 10 hr, how- 
ever, the induced frequency for UV treatment was con- 
sistently higher than for X-irradiation, as shown in 
Fig. 3. The greater effectiveness of UV was also noted 
for strain L41 of R. leguminosarum. 

Comparison of a number of spontaneous mutants and 
induced mutants of R. leguminosarum strain L41, 
originally isolated at 500 to 1,000 ug per ml of dihydro- 
streptomycin, showed that the proportion of the cul- 
tures also resistant up to a level of 4,000 ug per ml was 
slightly higher for the induced mutant group. Radia- 
tion-induction of such markers thus appears to offer 
an advantage in the level of resistance available as well 
as in frequency of mutants obtained, as compared to 
isolation of spontaneous mutant markers. Coupled with 
this advantage, however, is the possibility of simul- 
taneous alteration of nodulation or nitrogen fixation 
characters, although loss of either character was not 
noted for induced dihydrostreptomycin-resistant mu- 
tants (7 cultures) or for erythromycin-resistant mutants 
(5 cultures) used in nodulation experiments. 
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No streptomycin dependency was found in mov. thay 
200 dihydrostreptomycin-resistant 
from 2 


colonies — si ‘ected 
cultures of R. leguminosarum and R. ifolii 
series of irradiation experiments. Colonies of 
resistant mutants grown on dihydrostreptomyci agar 
were noticeably larger and less opaque than muiutant 
colonies grown on nonantibiotic agar, but a comp.rison 
of growth rate in broth revealed no appreciable differ. 
ence, suggesting that the apparent stimulation of 
colony growth was due largely to enhanced gum forma- 
tion on dihydrostreptomycin agar. 


In a 
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Reap, R. B., Jr. (University of Massachusetts, 
Amherst), CHARLES SCHWARTZ, AND WARREN LiTsky. 
Studies on the thermal destruction of Escherichia coli 
in milk and milk products. Appl. Microbiol. 9:415-418. 
1961.—Hscherichia coli (ATCC no. 9637) was shown to 
have mean D values (slope of destruction rate curve) of 
98.2, 5.1, 1.8, 0.00195, 0.00100, 0.00055, 0.00029, and 
0.00016 min in milk at temperatures of 125, 130, 135, 
168, 170, 172, 174, and 176 F, respectively. The mean 
D values for this organism in chocolate milk were 32.2, 
10.4, 2.6, 0.00265, 0.00133, 0.00069, 0.00035, and 
0.00028 min at respective temperatures of 125, 130, 135, 
168, 170, 172, 174, and 176 F. Mean D values of 34.4, 
10.0, 3.5, 0.00093, 0.00080, 0.00068, 0.00043, and 
0.00036 min were found in cream for respective tem- 
peratures of 125, 130, 135, 168, 170, 172, 174, and 176 F. 
In ice cream mix the organism was found to have mean 
D values of 39.3, 15.2, 5.1, 0.00147, 0.00120, 0.00078, 
0.00070, and 0.00053 min for temperatures of 125, 130, 
135, 170, 172, 174, 176, and 178 F, respectively. The 
slopes of the thermal death time curves were found to 
be 10.2, 10.2, 10.0, and 10.3 F for this organism in 
milk, chocolate milk, 40% fat cream, and ice cream mix, 
respectively. 





With the construction of new types of equipment and 
the possible modification of existing heat exchangers 
used for milk pasteurization, more data on the thermal 
destruction rates of organisms in terms of D and z 
values’ would be desirable to set up realistic standards 
for new milk pasteurization procedures in the high 
temperature ranges. The study reported herein on the 
thermal inactivation of Escherichia coli is a part of a 
general study of the thermal resistance of several 
organisms, primarily pathogens, which can be found in 
milk and milk products. /. coli was included in this 
general study since it was shown to have a heat re- 
sistance of the same general magnitude of several 
pathogens studied previously (Read et al., 1957) and 


‘This investigation was supported in part by research 
grant E-1173 from the National Institutes of Health. 
* Contribution no. 1287 of the University of Massachusetts, 
College of Agriculture Experiment Station. 
D = slope of the destruction rate curve; z = slope of the 
thermal death time curve. 


because of the general interest in this organism in the 
dairy industry. 

Many studies have been reported concerning the 
time and temperature relationship necessary for the 
destruction of either EF. coli or coliform bacteria when 
suspended in milk. De Jong and de Graaff (1906) re- 
ported that a temperature of 161 F for 30 min was 
necessary to produce coliform-free milk. Shippen (1915) 
noted that various strains of coliform bacteria survived 
a heating process which ranged from 140 to 154 F for 
15 to 30 min. Unfortunately, the initial concentration 
of these test organisms were not reported. Ayers and 
Johnson (1915) found that 12 of 174 cultures of FE. coli 
tested survived 145 F for 30 min, whereas Finkelstein 
(1919) in his study reported that the same time and 
temperature destroyed practically all coliforms. Tan- 
ner and Du Bois (1925) conelude that as many 
as 2.0 X 10° coliform were killed at 145 F in times 
as short as 7 min. Using an inoculum of 100,000,000 
organisms, Stark and Patterson (1936) found that 
99.2% of the 505 strains studied were destroyed 
at 143 F in 30 min and that the remaining strains did 
not survive 145 F after the same heating time. 
Dahlberg, Holland, and Miner (1941) found that a con- 
centration of 3.5 10° per ml of EF. coli was destroyed 
with a heating time of 10 min to a final temperature of 
175 F and with no intended holding time. Read et al. 
(1957) reported that a concentration of 8 X 10° per ml 
of FE. coli in raw milk was killed in a heating time of 0.5 
sec to a mean temperature of 171.7 F. A holding time 
of 0.05 see was inherent in this process. 


MATERIALS AND METHODS 


The experimental procedures employed in this in- 
vestigation were similar to those previously reported by 
Daoust, Read, and Litsky (1960) and will be sum- 
marized briefly here. The first phase of this study was 
concerned with the determination of the slopes of the 
thermal destruction rate curves (D values) for EF. coli 
(ATCC no. 9637) suspended in: raw milk, 40% raw 
cream, chocolate milk, and ice cream mix at holding 
temperatures of 125, 130, and 135 F. The test organism 
was grown on brain heart infusion agar slants (Difco) 
that had been incubated 24 + 2 hr at 98.6 F. A daily 
transfer schedule was maintained throughout the in- 
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vestigation. The test inoculum was prepared by 
suspending the organisms from the slant in distilled 
water and standardizing this suspension by nephelom- 
etry to a final cell concentration of approximately 1 X 
10° per ml. An aliquot of this cell suspension was used 
to determine the exact initial concentration of test 
organism by standard plate counting techniques. 

A 500-ml, three-necked distillation flask was used 
for the holding container to expose the suspending fluid 
containing the test organism to the various holding 
temperatures. A thermometer which was previously 
valibrated with one certified by the U.S. Bureau of 
Standards was placed in one of the side ports, while the 
other side port was used for the inoculation of the test 
organism and for sampling. The center neck of the 
flask was used to seat a motor-driven stirring rod. A 
constant temperature water bath of +0.02 F accuracy 
was used for the heating apparatus with the water level 
in the bath always at least 14 in. above the menstruum 
in the three-necked flask. 

In amounts of 396 ml, milk, cream, chocolate milk, 
or ice cream mix was added to the flask and brought to 
the desired temperature while being continually stirred. 
The inoculum, 4 ml of the adjusted bacterial suspension, 
was then introduced into the flask. This resulted in a 
final concentration of the test organism of approxi- 
mately 1 X 10° cells per ml. The technique used to 
circumvent the cooling effect of the inoculum has been 
described in a previous paper (Daoust et al., 1960). 

The dairy products used in this investigation as 
suspending fluids were obtained from the University 
of Massachusetts Dairy. The raw milk was obtained 
from a bulk cooling tank. The raw cream was standard- 
ized at 40% butterfat by the Babcock test. The choco- 
late milk was prepared by heating 396 ml of raw milk to 
100 F and adding to this 24.0 g granulated sugar and 
4.8 g powdered cocoa (Van Houten’s Suma Dutch 
Process). The ice cream mix was prepared from the 
following formula based on 100 ml of the product: 


31.17 ml 40% raw cream, 48.42 ml skim milk, 5.06 g 
nonfat dry milk, 15.0 g granulated sugar, 0.30 g 


stabilizer, and 0.05 g emulsifier. 

Samples were removed with an automatic pipette, 
-alibrated to deliver 1-ml volumes at appropriate time 
intervals, and immediate cooling was obtained by 
expulsion of the sample into distilled water dilution 
blanks. The time required for this operation was from 
3 to 5 sec. Since the temperature of the distilled water 
blanks was always less than 80 F after inoculation, no 
lethality was attributed to cooling to a nonlethal tem- 
perature. 

Bacterial counts after heating were determined by 
the pour plate technique using brain heart infusion 
agar as the recovery medium. Samples were plated 
within 10 min after collection and incubated at 98.6 F 
for 24 to 36 hr prior to counting. Since the dairy prod- 
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ucts used in these studies were not sterile prio: 6 the 
inoculation of the test organism, final coun: wer 
determined by counting typical colonies of ti» tes 
organism. 

The destruction rate curves were construciod by 
plotting the bacterial survivors on the logarithm seale 
(ordinate) against the respective exposure time on the 
linear scale (abscissa) on semilogarithmic graph paper, 
A line of visual best fit was drawn which best s:  ‘isfied 
the resulting points and the D value was taken «s the 
slope of this line. The thermal death time curves for 
this organism were determined by plotting the mean D 
values obtained for each of the process temperatures 
used for a given test fluid on the logarithmic scale 
against the respective temperature on the linear scale 
of semilogarithmic graph paper. 

The second phase of this study involving higher 
exposure temperatures was carried out in a tubular 
heat exchanger described by Read et al. (1956). The 
instrument might be briefly described as composed of 
a 5-gal stainless steel tank connected to a small-bore 
stainless steel tube made up of a preheating and a 
heating section. The heat for this process is derived by 
heat exchange from the tube which is heated by high 
amperage low voltage, alternating current. The fluid 
under test is forced from the tank through the small 
bore tube by means of air pressure at a rate which will 
insure turbulent flow and therefore even heat distribu- 
tion throughout the system. In these studies heating 
was accomplished in two sections of the tube. The first, 
which was designated as the preheating section, raised 
the temperature of the test fluid to a constant ten- 
perature of 120 F. The second, or the heating section, 
was used to raise the temperature of the fluid from 120F 
to the final heating temperature of the process. Tem- 
peratures were measured by thermocouples placed 
directly into the stream of test vehicle. 

The heating time was maintained at 0.25 see, that is, 
it took exactly 0.25 see for the fluid to reach the final 
heating temperature from a constant 120 F. It was 
calculated that a holding time of 0.0113 see was in- 
herent in the process and this was the time required for 
the test fluid to reach the surface of the collection 
diluent which functioned also as a coolant from the point | 
of final heating. 





The method used to prepare bacterial inoculum was 
similar to that described for the low temperature 
investigations of the first phase. Five gallons of the 
suspending fluid were placed in the holding tank of the 
instrument and mixed with 190 ml of the prepared? 
bacterial suspension. To insure homogenicity, the 
mixture was stirred manually prior to the heating 
process. | 

The dairy products used as suspending fluids in these 
experiments were the same as those used in the first 
phase of this work with the exception of the ice cream! 
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mix. [a preparing this product for high temperature 
heat evchange studies, the ingredients were mixed while 
being heated to 100 F which did not always completely 
dissolve the emulsifier. Because the nature of the small- 
bore heat exchanger is such that it is unable to tolerate 
large particles, the mix was filtered through two double 
layers of cheesecloth prior to processing. 

Unheated control samples were collected at the be- 
ginning, midway, and at the end of each experimental 
process. Samples which were heated in the heat ex- 
changer were cooled by collection in precooled sterile 
distilled water. The time for cooling was considered 
insignificant since thermocouple measurements showed 
that the temperature in the collecting flask immediately 
after collection never exceeded 100 F. Plating and plate 
count methods were identical to those described for the 
low temperature studies. 

Because the high temperature studies involved pro- 
cessing with a set heating time to varying final tempera- 
tures, the D value could not be determined graphically 
as previously described. D values in this phase of the 
studies were determined mathematically using the 
method of Stumbo, Murphy, and Cochran (1950). The 
formula used is as follows: 

D, = : 

log a — log b 
where U is the holding time at a given temperature n, 
ais the initial bacterial concentration, and b is the con- 

TABLE 1. D values for Escherichia coli ATCC no. 9637 


suspended in raw milk 


No. of 


Holding temp trials Mean D value Range 
F min min 
125 5 28.2 23 .5-34.0 
130 5 5.1] 4.5-6.0 
135 5 1.3 1.0-1.6 
168 8 0.00195 0.00099-0 . 00200 
170 8 0.00100 0. 00090-0 . 00130 
172 8 0.00055 0.00049-0 . 00059 
174 8 0.00029 0.00025-—0. 00030 
176 8 0.00016 0.00010-0.00017 


TABLE 2. D values of Escherichia coli ATCC no. 9637 in chocolate 


milk 

Holding temp ee. ot Mean D value Range 
P min min 
125 5 32.2 29 .6-33.2 
130 5 10.4 9.5-12.3 
135 5 2.6 2.4-2.9 
168 8 0.00265 0 .00245-0.00290 
170 8 0.00133 0.00124-0.00160 
172 8 0.00069 0.00064—0. 00076 
174 8 0.00035 0.00035-0 . 00035 
176 8 0.00028 0.00027—0 .00030 
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bacterial 
temperature n for U time. Since the heat exchange 
apparatus based its effectiveness primarily on the 
heating time to a given temperature, the total holding 
time (U) was consequently unknown and had to be 
determined by the conversion of heating time to hold- 
ing time lethality. It was necessary to calculate an 
individual holding time for each of the temperatures 
investigated with each of the menstrua. This was done 
by plotting a thermal death time curve from the results 
of the low temperature investigations of the organism 
in the suspending fluid being studied. This curve was 
extrapolated to provide the theoretical D values of the 
organism at temperatures as high as the maximal 
process temperature employed. Lethal rates (1/D) of 
the organism were calculated from D values related to 
temperatures lying between the preheating and final 
heating temperatures. These temperatures were then 


centration of 


survivors after exposure to 


TABLE 3. D values of Escherichia coli ATCC no. 9637 in 40% raw 


cream 

Holding temp gerd Mean D values Range 
F min min 
125 5 34.4 31.0-38.1 
130 5 10.0 6.7-8.5 
135 5 3.5 2.8-4.5 
168 8 0.00093 0.00089-0 . 00096 
170 8 0.00080 0).00078-0 . 00083 
172 8 0.00068 0 .00065-—0 . 00072 
174 8 0.00043 0.00036-0 . 00048 
176 8 0.00036 ().00034-0. 00038 


TABLE 4. D values of Escherichia coli ATCC no. 9637 in ice cream 


mix 

Holding temp a Mean D value Range 
F min min 
125 5 39.3 35.5-42.1 
130 5 15.2 12.7-17 .6 
135 5 5.1 3.4-6.5 
170 8 0.00147 0.00110—0.00180 
172 8 0.00120 0.00100—0.00140 
174 8 0.00078 0.00075-0.00981 
176 8 6.00070 0.00068-0 . 00074 * 
178 8 0.00053 0).00051-0.00056 

TABLE 5. Holding temperatures necessary to produce a 10 D 


lethality for Escherichia coli ATCC no. 9637 for four different 
holding times 


Holding time 


Vehicle 
30.0 min 15.0 sec 1.0 sec 0.1 sec 
F F F F 
Milk 133.2 154.8 167.0 177.2 
Chocolate milk 135.2 156.3 168.3 178.5 
Cream 40% fat 135.0 156.0 167.8 177.8 
Ice cream mix 137.2 158.8 LY By 181.5 
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related graphically to selected heating times ranging 
from 0.0 sec, for an initial heating temperature of 120 I, 
to 0.25 see for the final heating temperature. The 
heating time for intermediate temperatures was calcu- 
lated by interpolation. This could be done since the 
heating characteristics in the heating tube were found 
to be linear. 

The lethal rates corresponding to given heating 
temperatures were correlated to the heating times at 
which the particular temperatures were obtained. 

A lethality plot, with arbitrary holding time, was then 
drawn which corresponded to the final heating tem- 
perature. The area under both the heating curve and 
the standard holding time curve was determined with a 
compensating polar planimeter. By establishing a ratio 
of total area to holding time between the two curves, 
the holding time (U’) was calculated for the original 
heating time curve. This was performed for each final 
heating temperature and suspending fluid studied. 

RESULTS AND DIscUSSION 

The results for F. coli showing the mean D values and 
range for the various vehicles studied are found in 
Tables 1 through 4. 

Although the instrumentation used was such that no 
intermediate D values could be obtained between the 
low and high temperature studies, it is tempting to plot 
these values on semilogarithmic paper to obtain some 
idea of the z values for this organism in these vehicles. 
When this is done and a line of visual best fit drawn 
connecting these points, z values of 10.2, 10.2, 10.0, and 
10.3 F are obtained for milk, chocolate milk, cream 
containing 40% fat, and ice cream mix, respectively. It 
also appears that at 150 F, ice cream mix affords the 
greatest protection for EF. coli, followed by chocolate 
milk, cream, and milk in that order. 

When these results in milk are compared with those 
of Holland and Dahlberg (1940), who reported on an 
E. coli noted for its thermal resistance, it is found this 
organism was considerably more resistant than the 
strain used in the current study. Holland and Dahlberg 
reported 99.99 % destruction points or points equivalent 
to four D values. When these data are changed to D 
values, the following comparisons can be made: at 
140 F, 12.5 vs. 0.8 min; at 160 I, 0.095 vs. 0.008 min; 
and at 170 F, 0.025 to 0.0008 min. It is also interesting 
to note that Holland and Dahlberg’s data give a z value 
of 9.5 F vs. 10.2 found in this study. 

One problem associated with this type of work is the 
possibility of change in the thermal resistance of the 
test organism. Studies were done with this organism 
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approximately 5 years ago and a mean ex! ction 
temperature of 174.5 reported for 8.0 X 10° c Is per 


ml using a process similar to the high tempcrature 


process reported herein (Read et al., 1957). Whe: these 
results are compared with those of the present i:yesti. 
gation, it is seen that the heat resistance is slightly 


higher in the present study. During this study it was 
found that the D values were constant over a 2-vear 
period when periodically re-evaluated. Both ciiltures 
varry the same ATCC number and were obtained from 
the American Type Culture Collection at the initiation 
of each study. 

Since the dairy industry is primarily interested jy 
process values rather than D values, results can be ex- 
pressed in 10 D values to obtain what the authors con- 
sider to be a realistic process value. The rationale 
behind this has been discussed (Daoust et al., 1960). 
Processing temperatures for five arbitrarily selected 
holding times are shown in Table 5. 
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ABSTRACT 

Huane, H. T. 
Groton, Conn.). 
trophie mutants of Escherichia coli. Appl. Microbiol. 
9:419-424. 1961. mutants of 
Escherichia coli have been shown to accumulate signifi- 
‘ant amounts of L-threonine in the culture medium. 


(Chas. Pfizer and Company, Inc., 
Production of L-threonine by auxo- 


Two auxotrophic 


One mutant, 13071, is deficient in a ,¢e-diaminopimelic 
acid (DAP), and the other, 13070, is deficient in both 
DAP and methionine. 

Accumulation of L-threonine by 13071 in a synthetic 
medium with mannitol as the carbon source at 37 C 
temperature was greatly influenced by 
initial DAP concentration. At an optimal level of DAP 
a yield of 1.5 g/liter L-threonine was obtained in 28 hr. 
L-Threonine accumulation by 13070 with sorbitol as the 
carbon source at 28C incubation temperature was 
dependent upon the initial concentration of both DAP 
and methionine. At optimal levels of the two deficient 
amino acids, a yield of 2.0 g/liter L-threonine was ob- 
tained in 44 to 48 hr. By adding to the medium suit- 
able quantities of beet molasses or sucrose supplemented 
with corn steep liquor the yield could be raised to al- 
most 4 g/liter. 


incubation 


L-Threonine of extremely high purity was isolated 
from fermentation broth both mutants. The 
product was not contaminated with any detectable 


from 


amounts of p-threonine or allothreonine. 





amino acids has at- 
considerable attention in the fermentation 
industry in recent years (Kinoshita, 1959). The chief 
advantage inherent in a microbial process, in contrast 


The microbial production of 
tracted 


to chemical syntheses, is the exclusive production of the 
nutritionally valuable L form of the amino acid. 

The most noteworthy successes scored in this field 
have been achieved by the use of auxotrophic mutants 
of bacteria. The processes investigated can be divided 
into two categories. In the first category, the product 
accumulated is an intermediate which occurs just 
before the point of genetic block on the relevant bio- 
synihetie pathway. For example, a,e-diaminopimelic 
acid (DAP) is accumulated by a lysineless Escherichia 
coli mutant (Casida, 1956), and ornithine is aecumu- 


lated by a citrullineless Micrococcus (Kinoshita, Naka- 
yama, and Udaka, 1957). In the second category the 
compound accumulated and the point of genetic block 
occur on separate biosynthetic pathways which are, 
nevertheless, interrelated in some subtle way. Thus, a 
biotin-deficient Micrococcus glutamicus accumulates 
L-glutamic acid (Kinoshita, Udaka, and Shimono, 
1957), and a homoserine-deficient mutant of the above 
organism is an excellent producer of lysine (Kinoshita, 
Nakayama, and Kitada, 1958). 

The present paper deals with the production of 
L-threonine by DAP- and methionine-requiring mutants 
of E. coli. It may provide yet another example in the 
second category of amino acid processes based on the 
use of auxotrophic bacterial mutants. A preliminary 
account of this work has appeared elsewhere (Huang, 
1960). 


MATERIALS AND METHODS 


DAP and t-lysine hydrochloride are products of 
Chas. Pfizer and Company, Inc. (Casida, 1956; Kita 
and Huang, 1958). The particular lot of DAP used in 
these experiments contains approximately 92% of the 
meso and 8% of the LL isomers by paper chromatog- 
raphy assay (Rhuland et al., 1955). t-Methionine is an 
optically standardized sample from Schwartz Labora- 
tories, Inc. pt-Methionine and other materials are com- 
mercial products. ““Casamino acids” is an acid hydroly- 
zate of casein made by Difco Laboratories. 

Auxotrophic mutants of F. coli tested in the prelim- 
inary screening work are cultures which had _previ- 
ously been isolated either by us or by others via ultra- 
violet (UV) ray treatment and penicillin selection 
(Davis, 1948, 1949; Lederberg and Zinder, 1948). 
Mutant D was obtained from Elizabeth Work. It was 
originally derived from mutant 173-25 (Davis, 1952). 

Screening experiments were carried out in 300-ml 
Erlenmeyer flasks containing 25 ml medium. After 
inoculation from slants the flasks were incubated at 28 
or 37 C on a rotary shaker moving at 230 cycles/min. 
Single auxotrophs were tested in medium I (Table 1) 
supplemented by 20 mg/liter DAP and 0.5 g/liter 
Casamino acids. For double auxotrophs, medium II, 
with 40 mg/liter DAP and 0.5 g/liter Casamino acids, 
was used. All media were sterilized at 120 C for 20 min. 
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A mutant was tested with at least two different carbon 
sources, glucose and sorbitol, at both incubating tem- 
peratures. Samples were taken at 20 and 4 hr of incu- 
bation. 

Threonine was detected by paper chromatography. 
For rapid preliminary identification, 5-ul aliquots of 
broths were applied on two sheets of Whatman no. 4 
paper, 13 by 20 em. One sheet was developed by a 
descending front of methylethyl ketone, acetic acid, 
and water (90:25:30 by volume), the other by methyl- 
ethyl ketone, n-butanol, and 3°% aqueous NH,OH 
(50:20:20 by volume). After 30 min, the sheets were 
dried in air and treated with ninhydrin in the usual 
manner. In the acid system threonine (Rr = 0.54) 
moves close to glutamic acid (0.51), glycine (0.47) and 
serine (0.46), but separates readily from valine (0.83). 
On the other hand, in the ammonia system threonine 
(Rr = 0.83) is easily separated from glutamic acid 
(0.02), glycine (0.14), serine (0.26), although less easily 
from valine (0.60). Thus, a comparison of the two 
chromatograms would immediately indicate whether 
threonine might be present in a sample. Confirmatory 
evidence was then sought by more detailed paper 
chromatography. 

Inoculum for fermentation experiments was grown 
in a Fernbach flask containing 1| liter of medium. For 
13071, the medium consisted of (per liter): minimal 
salts (Davis and Mingioli, 1950); DAP, 20 mg; L-lysine 
hydrochloride, 20 mg; and glucose, 10 g. With 13070, 
the medium was (per liter): minimal salts; DAP, 50 mg, 
pL-methionine, 50 mg; and glycerol, 10 g. The flasks 
were sterilized at 120 C for 20 min. After inoculation, 
they were incubated on the rotary shaker at 28 C for 
16 to 20 hr. 

Fernentations conducted with 2 liters of 
medium in a 4-liter glass fermentor (Shull and Kita, 
1955). Two milliliters of soybean oil were added to each 
fermentor, which was then sterilized at 120 C for 30 
min. After inoculation with 2.5 to 5.0% inoculum by 
volume, the fermentors were incubated in a water bath 
at the desired temperature, aerated at 1 volume of air 
per min, and stirred at 1,750 rev/min. The basal media, 
i.e., II for 13071 and III for 13070, are given in Table 1. 


were 


Medium 
Material* . 
I II Ill 

g/liter g/liter g/liter 
KeHPO, 7.0 7.0 5.0 
(NH4)2 HPO, 3.0 13.0 10.0 

(NH4)2 SO, 1.5 1.5 
MgSO,-7H2O 0.1 0.1 0.5 
Carbon source 10.0 20.0 20.0 


* Supplements of amino acids are given in appropriate parts 
of the text. Unless stated otherwise, the pH of the medium is 
adjusted to 7.8 to 8.0 with NH,OH before sterilization. 








. HUANG 





OL. 9 


Total threonine was determined by quan 
paper chromatography, and t-threonine by  ,iero. 
biological assay with Leuconostoc mesenteroides V0), 


ative 


RESULTS 
Preliminary Experiments 

Screening experiments were carried out to stuciy the 
pattern of amino acid accumulation in the culture 
medium of a series of auxotrophic FE. coli mutants. 
blocked at various points in the biosynthetic pathway of § 
tryptophan, isoleucine, valine, threonine, 
methionine, lysine, DAP, histidine, and arginine. Most 
of these accumulated glutamic acid, alanine, glycine, 
and one or two additional amino acids at a level of 50 
to 100 mg/liter. Some of these accumulated larger 


tyrosine, 


quantities (i.e., 1 g/liter or more) of one particular 
amino acid; for example, a tyrosine-less mutant aceu- 
mulated phenylalanine and a threonineless mutant 
accumulated valine. Only a DAP deficient mutant, D 
(Meadow, Hoare, and Work, 1957), produced a de- 
tectable spot which moved like threonine on paper 
chromatograms. 


~— 


Mutant D was screened further in basal medium | 
supplemented with DAP (20 mg/liter) and _ L-lysine 
hydrochloride (20 mg/liter), using a variety of carbon 
sources, viz: glucose, lactose, sucrose, maltose, glycerol, 
sorbitol, and mannitol. Presence of threonine at 100 to 
300 mg/liter was clearly indicated in glucose and manni- 
tol broths, which had been incubated at 37 C, or in 
sorbitol or mannitol broths, incubated at 27 C. Glucose 
at 27C or sorbitol at 37°C produced practically no 
threonine in the medium. The best broths were assayed 
microbiologically, and the results suggested that all 
the threonine accumulated was the L isomer. Under 
these conditions, glutamic acid, serine, glycine, alanine, 
and valine were also accumulated, although the sum oi 
these amino acids did not exceed 200 to 300 mg liter. 
Therefore, attempts were made to develop a more 
desirable producer from mutant D by further mutation 
and selection. 


~~ 


Development of Mutants 13070 and 13071 


~~ 


Substrains of mutant D were obtained by treating 
young liquid culture with UV light, plating out sur 
vivors on a medium containing minimal salts, glucose, 
DAP, and L-lysine, and isolating colonies at random. 
They were screened in flasks as described earlier for 
L-threonine accumulation. One isolate, 13071, which 
produced less contaminating amino acids than the }) 
parent strain, was selected for further mutation, and 
for fermentation studies. 

In the mutation experiments, 13071 was exposed tol 
UV light, and mutants with new nutritional deficiences 
were selected via the penicillin technique (Davis, 194!) 
from a medium containing minimal salts, glycerol, | APF 
and acid-hydrolyzed casein. A series of doubly auxo-| 
trophic mutants which required DAP and one other 
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amino acid for growth were obtained. Special efforts 
were made, without success, to isolate a mutant in 
which the second nutritional deficiency was L-isoleucine. 
All the double auxotrophs were screened for L-threonine 
production. One mutant, 13070, was found to give 
higher yields of L-threonine than 13071 when sorbitol 
was the carbon source. It required, in addition to DAP, 
t-methionine for growth. No growth was obtained when 
t-methionine was replaced by either homocysteine or 
cystathionine. The new genetic block must, therefore, 
occur between homocysteine and methionine. 


Lt-Threonine Production by 13071 


t-Threonine production by this mutant was investi- 
gated using basal medium IT in 4-liter fermentors under 
the conditions specified earlier. Of the combinations of 
carbon source and incubation temperature which had 
been found in flask experiments to favor L-threonine 
accumulation, mannitol at 37 C gave the best results. 
Next most effective was mannitol or sorbitol at 28 C, 
and lastly, glucose at 37 C. 
37 C was studied in 
greater detail. It was found that L-threonine yield is 
sharply dependent upon DAP concentration. The rela- 


Production with mannitol at 


tionship between peak accumulation, which is usually 
attained at about 28 hr of incubation, and initial DAP 
concentration is shown in lig. 1. It is seen that as DAP 
level is increased, L-threonine yield climbs steadily to a 
maximum (at about 120 mg/liter of DAP) and then 
slowly declines. At low DAP levels, the increase in yield 
is apparently a reflection of the enhanced cell growth 
induced by successive additions of DAP. At high levels, 
no decrease in cell growth is evident, so that the drop in 
yield must be attributed to an inhibitory effect which 
excess DAP in the medium exerts on the overall enzyme 
system responsible for L-threonine accumulation. 

Data on the influence of L-lysine concentration on 
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L-threonine yield are presented in Table 2. It would 
appear that the influence of L-lysine is relatively minor, 
although the data tend to suggest that L-lysine hydro- 
chloride at about 30 mg/liter is a desirable ingredient 
in the medium. 

Compared with most fermentations, L-threonine pro- 
duction by 13071 with mannitol at 37 C is a rather 
rapid process. A plot of L-threonine yield with time is 
shown in Fig. 2. At 16 hr incubation L-threonine was 
already being accumulated at near maximal rate. The 
peak yield was reached in about 28 hr, after which the 
concentration of L-threonine steadily declined. The pH 
of the medium fell gradually from an initial value of 
7.0 to about 6.2 at 45 hr. Paper chromatographic 
examination of the broths indicated that the loss in 
L-threonine was usually accompanied by a correspond- 
ing increase in the amount of glycine present. Attempts 
to prolong the production phase and to minimize de- 
gradation to glycine by media variations and pH 
manipulations were unsuccessful. 

In contrast, accumulation of L-threonine with manni- 
tol or sorbitol as carbon source at 28 C occurred at a 
more leisurely pace. Maximal yield was now reached in 
42 to 48 hr of incubation. But even at an apparently 


TABLE 2. Effect of L-lysine concentration on L-threonine 
production by 13071 
t-Lysine-HCl t-Threonine yield* 


mg/liter g/liter 


0 1.4 
10 1.5 
20 1.6 
30 1.8 
40 1.5 
50 1.4 
60 1.5 


* Basal medium II, mannitol, 37 ¢ 
DAP, 120 mg/liter. 
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FIG. 2. Variation of L-threonine yield by mutant 13071, with 
time. 
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optimal level of DAP (130 mg/liter), the highest yield 
achieved was no more than | g/liter, and compares 
rather unfavorably with that obtainable when double 
auxotroph 13070 was cultivated under similar condi- 
tions. 


L-Threonine Production by 13070 


Fermentor experiments on 13070 were carried out in 
basal medium III with the most promising combination 
of carbon source and incubation temperature, .e., 
sorbitol at 28 C. Maximal accumulation of L-threonine 
was reached in 42 to 48 hr, after which, L-threonine 
vield tended to remain stationary. In some experiments 
a gradual decline was observed. Preliminary work had 
indicated that the yield was unchanged when L-methio- 
nine was replaced by pi-methionine. Thus, in all the 
experiments discussed, the less expensive DL mixture 
was employed. 

As may be expected, L-threonine yield from this 
mutant was found to be dependent upon both DAP and 
methionine concentration. A plot of initial DAP con- 
centration vs. L-threonine yield at 42 hr is shown in Fig. 
3. A similar plot involving methionine is presented in 
Fig. 4. In each case, the growth factor stimulates 
L-threonine accumulation at low levels, and inhibits it 
at high levels. Again, in each case, stimulation of yield 
is apparently a consequence of increase in cell growth, 
whereas the inhibition cannot be attributed to reduc- 
tion in cell growth. At the optimal level of both growth 
factors, i.e., 50 mg/liter of methionine and 175 mg/liter 
of DAP, a yield of about 2 g/liter of L-threonine was 
obtained with good reproducibility. 

In contrast to 13071, L-threonine production by 13070 
is strongly inhibited by the presence of L-lysine, as 
indicated by the data in Table 3. As far as one could 
tell by visual observation, L-lysine had no deleterious 
effect on cell growth. The inhibition is thus a specific 
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FIG. 3. Effect of diaminopimelic acid concentration on L- 
threonine production by mutant 13070. Methionine level 
constant at 50 mg/liter. 
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effect on the enzyme system responsible for L-th: 
accumulation. 


onine 


A variety of compounds which may conc 
affect the course of a fermentation process, e.g 
mins, intermediary metabolites, trace minerals 
tional carbon sources, etc., were screened for thei; 


vably 
Vita- 
addi- 
effect 
DAP 
and methionine. It was found that the yield could be 
substantially increased by the addition of (per liter): 
10 g of beet molasses, or 10 g of sucrose supplemented 
by 2 to 4 g of corn steep liquor. Relevant data are sum. 
marized in Table 4. The best result was achieved by the 
addition of 10 g/liter sucrose plus 2 g/liter of corn steep 


on L-threonine production at optimal levels o! 
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FIG. 4. Effect of methionine concentration on L-threonine 
production by mutant 13070. Diaminopimelic acid level was 
constant at 175 mg/liter. 


TABLE 3. L-Lysine inhibition of L-threonine production by 13070 


L-Lysine-HC1 L-Threonine yield* 


mg/liter g/liter 
0 2.0 
10 1.8 
20 1.4 
30 0.8 


* Basal medium III, sorbitol, 28 C, 41 hr incubation, DAP 
175 mg/liter, methionine 50 mg/liter. 


TABLE 4. Stimulation of L-threonine production by 13070 by 
sucrose and beet molasses 

L-Thre 

Addition Supplement onine 

yren 

g/liter ¢/liter g/lile 

None* None 2.0 
Beet molasses 10 None 3.2 
Beet molasses 20 None 2.2 
Sucrose 10 None 2.6 
Sucrose 10 Corn steep liquor 2 3.7 
Sucrose 10 Corn steep liquor 4 3.5 
Sucrose 10 Lactie acid 1 0 


* Basal medium III, sorbitol, 28 C, 42 hr incubation, | AP. 
175 mg/liter, methionine, 50 mg/liter. 
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liquor when a yield almost double that in the control 
medium was obtained. Practically no stimulation was 
observed when sucrose was replaced by glucose, glyc- 
erol, lactose, or sorbitol. The effect thus appears to be 
specific for sucrose in combination with some factor (or 
factors) present in both beet molasses and corn steep 
liquor. 

In all these experiments, the pH of the medium fell 
very gradually from an initial value of about 7.0 to 
about 6.2 at 42 to 48 hr and about 6.0 at 60 hr. No 
improvement in yield was observed when the medium 
was maintained at pH 7.0 during the incubation period. 

Recovery of t-Threonine 

Samples of pure L-threonine have been isolated from 
optimal broths of both mutants, i.e., 13071 with manni- 
tol at 37 C, and 13070 with sorbitol at 27 C. In each 
case the broth also contained glycine (<0.25 g/liter) 
and serme (<0.1 g/liter), with minor quantities of 
glutamic acid and valine. The procedure adopted was 
as follows. The broth was adjusted to pH 2.0 with 
H.SO, and filtered. The clear filtrate was passed through 
a column of IR 120 (H*), which absorbed all the amino 
acids. After washing with water, the column was 
eluted with 1 N NH,OH. Fractions were examined by 
rapid paper chromatography, and those containing 
amino acids were combined and evaporated in vacuo 
to a convenient volume. The neutral concentrate was 
adjusted to pH 2.0 with H»SO, and passed through a 
column of permutit Q (H*). The column was washed 
with water and eluted with 0.5 n NH,OH. Most of the 
threonine came off between pH 4 and 9, together with 
lesser amounts of glycine. Subsequent fractions con- 
tained more glycine than threonine and were discarded. 
The threonine rich fractions were combined, concen- 
trated in vacuo, treated with Darco G 60, and filtered. 
Addition of methanol to the filtrate induced erystalliza- 
tion of threonine. One recrystallization of the product 
from aqueous methanol was sufficient to give an ana- 
lytically pure sample of L-threonine. The yield of pure 
material from broth was about 50%. 

A typical batch of recovered L-threonine was charac- 
terized as follows: [a]? = —29.3 (C, 2 in H.0); 


C\HyNO; 
10.1, H 7.7, 
10.3, H 7.6, 


N 11.8 
N 11.8. 


Found: C 
Calculated: C 


Extensive paper chromatographic analyses indicate 
that it contained no allothreonine, and less than 0.1% 
of serine, glycine, and glutamic acid. In contrast, four 
commercial ‘‘analytical” grade samples of L-threonine 
were found to contain from 1.5 to 7.2% allothreonine. 


DIscUSSION 


The accumulation of threonine by a number of DAP 
reqiuring mutants of L. coli, e.g., 173-25, the progenitor 
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of strain D, was first reported by Davis (1952). Our 
work thus provides unequivocal confirmation of Davis’s 
original observation. 

In the mutants studied, the auxotrophic require- 
ments, i.e. DAP and methionine, and the product 
accumulated, i.e. threonine, lie on separate biosyn- 
thetic pathways which are interrelated by having a 
common origin. The interrelationship is shown sche- 
matically in the following diagram: 

Aspartate -+ Compound X-= ---|-|----> DAP --> Lysine 
13070 
at 13071 
Homoserine --> Threonine --> Isoleucine 


--->Methionine 


Cysteine --> Cystathionine--> Homocysteine---|-| 
13070 


All three compounds are ultimately derived from as- 
partate, although threonine and methionine have a 
more immediate common precursor in homoserine. 
From our present knowledge of the biosynthetic inter- 
mediate between aspartate and homoserine (Black and 
Wright, 1955) and of the mechanism of DAP biosyn- 
thesis from aspartate (Gilvarg, 1960; Rhuland, 1960) 
it is evident “compound X”’ is aspartic acid 6-semi- 
aldehyde. 

The positions at which genetic blocks occur are 
indicated by vertical double lines. Consider first mutant 
13071. It is blocked just before DAP, although the 
actual point of block has not been determined. It may 
reasonably be expected that one effect of the genetic 
block would be a general piling up of the preceding 
intermediates, including compound X, on the DAP- 
lysine pathway. The excess amount of compound X 
thus made available could overflow into the alternate 
pathway and result in an accumulation of threonine. 
Just why threonine, and not some other metabolite, 
say methionine, is actually accumulated evidently 
depends on factors of which we have, as yet, little 
knowledge. The same mechanism apparently operates 
in the reverse direction in the homoserine deficient 
Micrococcus (Kinoshita et al., 1958), which accumulates 
lysine. Similarly, in the case of double auxotroph 13070, 
the additional genetic block just before methionine 
should lead to an increase in the availability of homo- 
serine. Thus, a marked improvement in threonine yield 
was achieved. 

Since threonine is an obligatory precursor in EF. coli 
of isoleucine (Umbarger, 1956) one would expect that a 
block between these two amino acids could lead to 
accumulation of threonine. So far no threonine acecumu- 
lation was observed in single auxotrophs deficient in 
isoleucine. Our attempts to impose an isoleucine defi- 
ciency in 13071 were unsuccessful. However, this still 
remains a desirable objective in further mutation work. 

The occurrence of threonine racemase activity in EF. 
coli has been reported (Amos, 1954). Particular care 
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was exercised in this work to detect any discrepancies 
between microbiological and chromatography assays 
which might suggest the presence of p-threonine. The 
data indicated consistently that all the threonine in 
broth or in the recovered product was of the L configura- 
tion. 
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ABSTRACT 


Lopez, ANTHONY (Virginia Polytechnic Institute, 
Blacksburg, Va.), L. W. JoHnson, anp C. B. Woon. 
Observations on a laboratory method for submerged 
acetic fermentation. App]. Microbiol. 9:425—433. 1961. 
Submerged acetic fermentation experiments were 
performed for the purpose of determining the condi- 
tions under which this type of fermentation should 
be conducted under laboratory conditions. The ap- 
paratus used consisted of a set of glass tubes provided 
with air spargers. 

Acetobacter acetigenum was found to be the most 
suitable bacterium among six Acetobacter compared 
under submerged acetic fermentation conditions in a 
different 
rates of fermentation were observed in acetators that 


synthetic medium. Statistically significant 


were identical in construction, fermentation medium, 
and aeration characteristics. 

Extremely long growth lag periods and complete 
absence of growth were often observed when starting 
fermentations. The causes of this behavior were in- 
vestigated. It was found that it was not produced by 
lack of nutrients or by presence of a bacteriophage. 
Diferent kinds of bacterial starters were studied and 
compared. Cultures maintained in a liquid medium 
were reliable starters with a short growth lag period. 
Liquid medium cultures maintained their good starter 
characteristics after periods of storage of up to 11 
weeks at 40 F (4 C). 





A revolution is taking place in the vinegar industry, 
as it gradually adopts the submerged fermentation 
process. This fundamental development comes after 
a period of about 130 years of using basically the same 
process: the ‘‘quick” vinegar generator. In other oxida- 
tive fermentation industries, the submerged process 
has become well established. From the first develop- 
ment in the case of yeast, up to the modern antibiotic 
production processes, the submerged fermentation pro- 
cedure has shown superiority to other methods and 
has made possible an enormous advance in fermentation 
technology. 

REVIEW OF LITERATURE 


The submerged acetic fermentation process was 


i deve'oped for vinegar production by Hromatka and 


Ebner. These investigators found (195la) that the 
method common in the preparation of antibiotics and 
yeasts could not be used because of the volatility of 
both ethyl alcohol and acetic acid. Great excess of 
air had to be avoided; hence, emphasis was placed on 
uniform distribution of small air bubbles in the sub- 
strate. On the other hand, Hromatka and Ebner (1950) 
found that going below a specific oxygen partial pressure 
in the substrate causes the respiration of the acetic 
bacteria to cease. The optimal aeration conditions for 
obtaining an optimal fermentation rate were found by 
these investigators. Their findings agree with those of 
Finn (1954) who states that microorganisms can use 
only dissolved oxygen in submerged fermentations, and 
that the rate of supply must at least equal the rate of 
demand in every portion of the culture liquid. 

Hromatka and Ebner (1951b) also studied the in- 
fluence of complete interruption of aeration upon rate of 
fermentation, and found that 30 sec was a critical time. 
However, damage to the culture was variable and also 
depended to a large degree upon acetic acid concentra- 
tion at the time of interruption. 

The optimal temperature was found by Hromatka 
and Ebner (1953) to be between 24.3 and 29.7 C. The 
influence of temperature was found to be dependent 
upon the total concentration of acetic acid and alcohol. 
Frequent fluctuations in temperature within the optimal 
range caused a decrease in fermentation rate. 

The mashes employed by Hromatka and Ebner were 
red wines. These investigators (1949) reported that 
the mashes contained the nutrients essential to the 
cultures employed. However, except for alcohol con- 
tent, no data on nutrients required or employed are 
given. 


EXPERIMENTAL PROCEDURES 


Description of equipment. Two sets of experimental 
acetators were built. One set consisted of four glass 
tubes 70 mm in diameter and 48 in. high. The other 
set consisted of 12 tubes 35 mm in diameter and 48 
in. high. The acetators of both sets were equipped at 
the bottom with fritted glass filters of fine porosity 
mounted in rubber stoppers. Compressed air was 
passed through a pressure reducing valve and an air 
filter to a surge tank, from which air was fed through 
the fritted glass filters to each of the fermentation 











426 







tubes. Regulation of the air flow to each acetator tube 
was achieved by needle valves or by screw pinch-type 
regulators on the rubber tube supply line from the 
surge tank to the fermentation tube. The size of the 
air bubbles varied between approximately 135 and 
lg, in. as determined visually and was controlled by 
the porosity of the fritted glass filters. 

Glass tubing 9 mm in diameter bent in the shape of 
an ‘“L’’ was extended upward through the stopper in 
the lower end of the tubes equipped with a short 
extension of rubber tubing on the protruding end. 
Pinch-type clamps were attached to the rubber tubing 
so that samples could be withdrawn. 

Bacteria. All the pure cultures of bacteria used in this 
work were obtained from the American Type Culture 
Collection, Washington, D. C. mixed 
cultures were obtained through the courtesy of National 
Fruit Product Company, Inc., Winchester, Va. 

Composition and preparation of bacteriological media. 
Actively growing stock cultures were maintained on 
Difco 
dehydrated yeast, 0.3% KH2PO;, 2% glucose, and 2% 
agar. The medium was adjusted to pH 6.0 + 0.2. 
Nutrient broth was prepared by dissolving 8 g Difco 
dehydrated nutrient broth in 1,000 ml of distilled 
water. 

The basal medium employed in the fermentation 
studies was a modification of the medium used by 
Litsky and Tepper (1953) composed of the substances 
listed in Table 1. The pH was adjusted to 7.9 to 7.5. 
At the start 
added to the basal medium to adjust its total acidity 
to 1.5%. 

An enriched basal medium was prepared for later 
studies which contained the vitamins shown in Table 2 
in addition to the components of the basal medium. 
A separate formulation of the vitamins was prepared 
and combined into the original body. 


Commercial, 


slants of yeast extract agar containing 0.5% 


of the fermentations, acetic acid was 


TABLE 1. Composition of basal medium 


Components Per liter of basal 


medium 

g 
Amino acids (Casamino acids, Difco) 5 

ml 
Ethyl alcohol (95% by volume)........... 130 

mg 
p-Aminobenzoic acid ee ; 200 
Adenine sulfate........ : ee 20 
Guanine hydrochloride. . . eee 20 
LSS ee ye : 20 
KH2PQO,... —— 500 
K,HPQO,.... eG 500 
MgsSQ,-7H.0.. bac oAiate 200 
NaCl. ey ant oneh 10 
FeSO,-7H2O : ; ‘ ‘ 10 


MnSQ,-3H20......... esentutl. ; 10 
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Chemical methods. Total acidity was determi: ed by 
the titrimetric method of the AOAC (1955). |; was 
calculated as percentage of acetic acid per 100 ml of 
liquid. Alcohol was determined by the distiliation. 
pycnometer method of the AOAC (1955). 

Selection of organism. Four fermentation run-~ were 
performed for the purpose of determining which one 
of six Acetobacter species was more suitable for sub. 
merged fermentation under the conditions that were 
present. The six species were: A. acetigenum, A. aceti. 
A. xylinum, A. ascendans, A. pasteurianum, and A. 
suboxydans. A mixed culture, obtained from a com- 
mercial ‘‘quick’”’ generator, was also included in the 
tests. 

The fermenting medium for each fermentation run 
was prepared as follows. A volume of 250 ml of the 
basal medium was placed in a 35-mm diameter glass 
propagation tube of identical construction to the fer- 
mentation tubes (acetators) described above. Air was 
fed at a rate to 20 liters per hour. Several slants of 
actively growing stock cultures of one species were 
washed into the same tube, and the total acidity of 
the mixture was adjusted to 1.5% with acetic acid, 
Total acidity titrations were made every 24 hr. As 
the acetic acid content increased to 6% as a result of 


the fermentation, dilutions were made to 2.5%, using 
basal medium. The temperature in the room in which 
the fermentation tubes were placed remained at 78 + 
2 F. The temperature of the fermenting liquid varied 
from 75 to 82 F. 

Although the laboratory acetators were not sterilized, 
they were thoroughly washed and rinsed with distilled 
water before each fermentation run. Heavily seeded 
starters were used. The nutrient solutions used were 
essentially free of bacterial contamination. These factors 
in addition to the relatively low pH and highly aerobic 
conditions prevailing during submerged fermentation 
are highly conducive to the maintenance of an essen- 
tially pure culture during fermentation when such an 
inoculum is used. 

Fermentation uniformity trials. Uniformity trials were 
conducted to detcrmine the base fermentation rate and 


TABLE 2. Additional vitamins used in enriching basal medium 


oe Concn per liter of 
basal medium 
mg 
SRNEINID ice hha 1 oy <a nD i 1.0 
POMMMEINO 3 Seis kioes obey Sees 2.0 
Pyridoxamine sere ek 0.6 
Pyridoxal Seaton ee a ; 0.6 
Calcium pantothenate............. nat 1.0 
Riboflavin De Resale abe or a a a 1.0 
Nicotinamide pee eek 2.0 
(Sno era ae nee a 0.02 
Folie acid. . Pats eee ee 0.02 
CE Se er eee 0.002 
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correlation in the rate of fermentation between ac- 
etators. The procedure to start the fermentation was 
similar to that explained under Selection of Organism. 
When the volume in the small propagation tube had 
increased to capacity because of repeated dilutions, a 
transfer of the entire volume was made to a larger 
propagation tube of 70-mm diameter. The fermentation 
was allowed to continue in the large propagator until 
» sufficient volume had been obtained to inoculate the 

battery of 12 acetators. Using this technique, the small 

fermentors received initial charges of identical inocula. 
250 
' ml of fermenting liquid from the large propagator. To 
follow the course of the trial fermentations, a 2-ml 


Each of the 12 fermentors was charged with 


sample was withdrawn from each acetator every 24 hr, 
and the percentage of total acidity was determined. As 
the percentage of acetic acid increased above 4%, 
dilutions of the mash with the basal medium were 
made to lower the acidity to 2.5%, and in later experi- 
ments to 3.5%. A second 2-ml sample was taken 
after dilution and the percentage of total acidity was 
determined. Data were recorded for the upper level of 
acetic acid and for the dilution level. Attempts were 
made to dilute before the acid level rose to 7% in all 
cases since experience had indicated a lowering of the 
fermentation rate occurred at high acid, hence low aleo- 
hol, levels. Each acetator was allowed to run until a de- 
crease in the rate of fermentation was observed. 

A constant air supply of 8 psig was maintained in the 
reservoir while each individual fermentor was supplied 

with the maximal amount of air which did not cause 
excessive foaming. Determinations of the exhaust air 
top of the indicated this 
quantity to be 30 liters or more per hour at all 
times. Temperature was controlled thermostatically 
in the entire room in which the experiment was con- 
ducted within the range 80 + 2 F. 

Rate of fermentation. Hromatka’s work indicates that 
to obtain maximal rates of fermentation it is necessary 


flow from the acetators 


to maintain the culture in the logarithmic growth 
phase. This experiment was set up with the objectives of 
determining (i) the manner in which fermentation 
p rate is affected by dilution of the culture with basal 
medium, and (ii) whether, and when, the cultures went 
through a phase of logarithmic rate of growth. It was 
thought that the method of dilution used in the work 
reported here might be changing the oxidation /re- 
) duction potential and possibly other factors affecting 
fermentation rate to such an extent that the rates of 


~ 


fermentation might be significantly slowed down after 
dilution. This might also establish different fermenta- 
tion conditions in the several presumably identically 
treated acetators. 

Six working acetators were allowed to reach approxi- 
p mately 5% total acidity, and then each was diluted to 
) 3.5 total acidity using basal medium. Total acidity 
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titrations of the fermenting mash in each acetator 
were made at intervals of 2 hr for a 48-hr period be- 
ginning when the dilution to 3.5% was made. 

Effect of concentration of ethyl alcohol upon rate of 
acid production. Commercial experience indicates that 
the rate of production of acetic acid is significantly 
lower when the concentration of alcohol in the fer- 
menting mash is lower than 0.25 to 0.30%. This experi- 
ment was performed to determine if low alcohol levels 
or depletion of the alcohol in the fermenting mash 
were causing a leveling off in rate of acid production 
by acetators. During four successive days, 100-ml 
samples were taken at random from three working 
acetators. Total acidity and alcohol determinations 
were made in the samples. 

Effect of nutrient content upon rate of fermentation. 
Another possible explanation of the seemingly erratic 
production of acid in different identically treated 
acetators is that the absence, or presence at too low a 
level, of an essential bacterial nutrient might at times 
slow down the rate of fermentation. The literature in- 
dicates that different species of Acetobacter have dif- 
ferent nutritive requirements, but with the exception 
of A. xylinum (Litsky and Tepper 1953), little in- 
formation is found on the specific requirements of the 
different species. 

In different tests, yeast hydrolyzate and a complex 
mixture of vitamins were added to the basal medium in 
six acetators, whereas six other acetators were treated 
identically except that yeast hydrolyzate or additional 
vitamins were not used. Table 2 shows the additional 
vitamins and the concentrations. Total acidity titra- 
tions were made every 24 hr. Dilutions to 3.5% total 
acidity were made when the percentage of acetic acid 
was found to have increased to above 4%. Dilutions of 
the control acetators were made with basal medium. 
The other acetators were diluted with the basal medium 
containing either yeast hydrolyzate or the vitamin 
mixture. 

Determination of presence or absence of bacteriophage. 
The purpose of this experiment was to determine if the 
presence of bacteriophage was responsible for the 
erratic fermentation rates and ultimate slowing down 
of the fermentation. A suspension was made of cells of 
A. acetigenum by washing actively growing stock cul- 
tures off slants with basal medium. A 1-ml inoculum 
was taken from the suspension and placed in sterile 
Petri dishes which were then poured with yeast extract 
agar. The poured plates were incubated at 28 C for 24 
hr. Samples of 50 ml were then withdrawn from each 
of six acetators which were showing rates of fermenta- 
tion characteristic of those generally found in the 
course of this work. The samples were filtered through 
sterile U. F. fritted glass bacteriological filters. A 1-ml 
aliquot was taken from this filtrate and spread over 
the surface of the poured plates. The plates were allowed 
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to incubate for 3 days at 28 C and for 1 week at room 
temperature. Daily observations were made at the 
end of the 3-day incubation period at 28 C. 

Randomized Gram stains and simple stains were 
made of the cultures in the tubes, as well as of the 
growth obtained on the poured plates, to determine 
whether contaminating organisms were present. 

Most probable number and standard plate bacteria 
counts. A search was undertaken for a fast method by 
which numbers of live organisms could be correlated 
with percent acetic acid in submerged acetic fermenta- 
tions. The ‘‘Most Probable Number’ procedure given 
in Standard Methods for the Examination of Water and 
Sewage (APHA, 1955) was investigated. A 10-ml sample 
was withdrawn from each of six acetators. Subsequent 
dilutions were made to 1:10°, 1:10, 1:10°, 1:105, and 
1:10", using basal medium acidified to 1.5% total 
acidity. Turbidity was observed both visually and with 
a photoelectric colorimeter. 

Standard plate counts were also made for correlating 
numbers of bacteria with amount of acetic acid pro- 
duced. Sterile Petri dishes were poured with yeast 
extract agar. A l-ml inoculum of the fermenting mash 
was placed in the dishes. Triplicate sample dilutions 
of 1:107, 1:10*, 1:10°, and 1:10° were incubated at 
28 + 2 C for 2 days after which total counts were 
made. 

Effect of nutrient content and of dilutions of medium 
upon rate of acid production. Two tests were run, each 
one with six acetators. In one of these tests the acetators 
were charged with basal medium, and in the other 
test with enriched basal medium. The acetators were 
diluted to 3.5% total acidity when the acidity level 
had risen above 5%, which occurred within 24 to 36 
hr. The fermentation was continued for 11 days in 
the acetators containing basal medium, and for 10 
days in the acetators containing the enriched medium. 

Fermentation trials employing the basal medium 
were conducted to determine what effect repeated 
dilution was having on the performance of each in- 
dividual acetator. In these trials the acetators were 
dumped and recharged daily regardless of the acid 
level. After an exact 24-hr period a 2-ml sample was 
withdrawn from each acetator and the percentage of 
acetic acid was determined. A continuation of these 
daily fermentations was carried on until the cultures 
from four propagators had been depleted. Data were 
recorded for the acid level of the charge and for each 
individual acetator after the 24-hr fermentation. 

Effect of degree of dilution upon rate of acid production. 
The purpose of this experiment was to determine the 
influence of different dilutions of fermenting mash 
upon production of acetic acid. Three sets of two 
acetators were filled with 300 ml of basal medium. Each 
set was inoculated with 50 ml of partly fermented 
vinegar stock, taken less than 18 hr before from a 
working commercial acetator. The three sets of ace- 
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tators were identically treated, except with re: sect to 
daily dilutions with basal medium. Every 24 hi ‘luring 
the 11 days that the experiment lasted, basal \ edium 
was added to the acetators. To two of these, 0% oj 
the volume of fermenting mash was added; to tw > other 


acetators, 20% was added; and to the oth: two, 
10%. The dilutions were made in such a maniir that 
the volume of 300 ml was kept constant in al! tubes, 
Total acidity was determined before and aficr the 
dilutions. 

Comparison of liquid and solid subculturing media 
as starters. This experiment was designed to fiid out 
whether subculturing acetobacter in a liquid mediun 
under submerged fermentation conditions would pr. 
duce a more reliable starter for the acetator tubes. 

This work was thought advisable because acetobacter 
subcultures used to inoculate the propagation and the 
inoculation tubes often failed to produce cell mul- 
tiplication and acetic acid, or failed to produce acetic 
acid although numbers of bacteria had increased. For 
this reason many of the experiments which are de- 
scribed above had to be performed several times be- 
fore results from complete fermentation cycles could 
be obtained. Therefore, considerably more time had to 
be spent in each experiment than would be the case if 
the subcultures would function more reliably under 
submerged fermentation conditions. 

A. acetigenum grown on yeast extract agar’ slant 
was transferred into nutrient broth contained in fou 


Erlenmeyer flasks. The flasks were placed in a shaker f 


and shaken continuously for 7 days in a room at 
27 C (80 F). A ridge had been blown in the bottom oi 
the flasks to promote more efficient aeration. Total 
acidity and optical density were determined at intervals 
during the incubation for the purpose of determining 
whether there was cell multiplication and acid produ- 
tion. Then the contents of the flasks were combined 
and placed in a submerged fermentation tube. thai 
contained a basal medium of pH 3.5. 

The purpose was to observe whether submerged 


TABLE 3. Comparative efficiency of several species of Acetobact 
under submerged fermentation conditions* measured as acetit 
acid produced in the course of fermentation periods 


ree Ie Run no. 1; Run no. 2;/Run no. 3; Run no. 4; Se 
—e 12 days 12 days 13 days 9 days produced 
per run 
g g 8 g 
A. aceti 18.4 11.4 16.6 9.2 13.9 
A. acetigenum 23.4 i323 17.4 11.4 16.3 
A. pasteurianum| 21.7 12.1 19.0 8.3 15.3 
A. xylinum 15.17 
A. ascendans 9.4 11.4 8.4 9.7 
A. suborydans 8.2 14.1 6.8 9.7 


* Temperature of fermenting liquids varied between 7! 


and 82 F. Air was fed in each tube at a rate of 20 liters per hour ] 


+t Zoogloea produced by A. rylinum makes this bacterium 
unsuitable for submerged fermentation. 
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fermentation would be started by the shake flask cul- 
tures. [he experiment outlined above was repeated 
four times. 

Effect of pH of subculturing liquid media upon rate of 
multiplication of Acetobacter. A mixed culture taken 
from an operating commercial acetator and subcultured 
on nutrient agar slants, and a pure culture of A. 
acetigenum also grown on nutrient agar slants were 
individually transferred into Erlenmeyer flasks con- 
taining nutrient broth at pH 3.9, 4.6, 5.1, 5.3, and 6.3, 
and also into flasks containing basal medium at pH 
3.9, 5.0, and 6.2. The pH values were adjusted by 
means of citrate buffers. For each pH value, four flasks 
were incubated for 72 hr at 27 C (80 I) under aerated 
conditions produced by continuous shaking of the 
medium contained in bottom-ridged Erlenmeyer flasks. 
Total acidity and optical density determinations were 
made at the beginning and at the end of the incubation 
period. 

Use of only liquid subcultures as starters. In the course 
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of this work no reasonable degree of success had been 
achieved when trying to get submerged acetic fermenta- 
tions started by subculturing bacteria grown on solid 
media. A liquid culture containing 5% acetic acid was 
taken from an operating commercial acetator. This 
commercial culture was placed in two fermentation 
tubes. The same commercial culture with 2% ethyl 
alcohol added was placed in two other fermentation 
tubes. A mixture of five parts of the commercial 
culture with one part of basal medium was added to 
two other fermentation tubes. The submerged fermenta- 
tion tubes were charged within 18 hr after taking the 
commercial culture. All tubes were titrated daily for a 
period of 7 days. This experiment was repeated four 
times. 

Reliability of starter cultures. Because of the high 
degree of success obtained in use of only liquid sub- 
cultures as starters, this experiment was designed 
basically for the purpose of determining (i) the re- 
liability of starter cultures carried in a liquid medium, 


TABLE 4, Uniformity trial fermentations, comparative daily acetic acid production in identically treated acetators 


Acetators in test no. 1 


Acetators in test no. 2 


Acetators in test no. 3 


Day 
G H J K s M G H J K L M G H J K L M 
1 0.95 | 1.00 | 0.95 | 1.15 | 1.05 | 0.85 | 2.80 | 2.95 | 3.00 | 3.00 | 2.60 | 2.30 | 1.65 | 1.85 | 1.95 | 1.65 | 1.65 | 1.75 
2 1.70 | 1.80 | 1.85 | 1.55 | 1.75 | 1.65 | 0.10 | 0.30 | 0.20 | 0.10 | 0.20 | 0.30 | 1.00 | 1.10 | 1.00 | 1.70 | 1.30 | 1.50 
3 2.00 | 2.00 | 2.00 | 2.00 | 2.10 | 1.90 | 0.60 | 1.20 | 0.85 | 1.10 | 0.10 | 0.90 | 1.60 | 1.65 | 1.50 | 1.60 | 1.30 | 1.65 
4 0.90 | 2.15 | 1.90 | 2.15 | 1.95 | 1.50 | 1.25 | 1.85 | 1.45 | 1.35 | 0.80 | 1.70 | 1.85 | 1.95 | 1.65 | 1.95 | 1.70 | 1.95 
5 0.15 | 0.15 | 0.05 | 0.15 | 0.15 | 0.05 | 0.70 | 0.90 | 0.95 | 0.85 | 0.80 | 1.00 
6 1.45 | 1.90 | 1.40 | 2.385 | 1.15 | 0.40 | 0.20 | 0.75 | 0.65 | 1.15 | 0.40 | 1.05 
7 2.55 | 3.35 | 2.85 | 3.40 | 3.25 | 2.80 | 0.40 | 1.15 | 0.95 | 1.95 | 0.90 | 1.40 
Ss 2.10 | 0.35 | 2.66 | 0.95 | 3.30 | 0.70 | 0.10 | 0.65 | 0.90 | 1.70 | 0.30 | 1.20 
9 3.00 | 3.70 | 1.75 | 3.90 | 2.05 | 3.60) | 0:80 | 2:90:| 2.70: | 2:30: | 1.80 | 2:40 
10 3.50 | 3.95 | 1.80 | 2.60 | 2.10 | 2.55 | 1.15 | 0.20 | 0.45 | 0.80 | 0.55 | 1.00 
1] 1.05 | 0.20 | 2.50 | 3.90 | 3.60 | 3.60 
TABLE 5. Acetic acid and alcohol concentrations at several stages of submerged fermentation 
>, e T eer : Unaccounted for (GK) 
: : Per cent ethyl Total concn be- . Per cent ethyl _ ae 
T ee Per cent acetic acid ee RA r eon Maer: Per cent acetic et ‘ : Total (GK) | between days (GK aft 
Tube Day cies aaies” —— —— ocd aitee alate = “after dilution | dilution/GK before 
“ dilution) 
B 1 6.00 0.46 6.46 3.60 4.60 8.10 
2 5.65 0.47 6.12 3.60 4.57 8.17 1.98 
3 6.30 . 0.42 6.72 3.70 4.70 8.40 2.05 
4 5.70 1.65 7.35 3.50 5.42 8.92 1.05 
5 7.00 0.35 7.30 3.60 4.28 7.88 1.57 
D 1 5.25 1.34 6.59 3.50 4.87 8.37 1.29 
2 1.65 0.53 5.18 3.50 3.99 7.49 3.19 
3 5.20 —t 3.60 4.20 7.80 
4 5.30 1.233 6.53 3.60 5.86 9.46 1.2% 
H 1 4.50 2.50 6.00 3.50 5.18 8.68 3.46 
2 1.65 0.85 5.40 3.45 4.15 7.60 3.28 
3 5.25 1.20 6.45 3.50 4.05 7.55 1.315 
4 4.50 0.42 4.92 3.70 4.68 8.38 2.63 
; mn ee = 


100 11 present at any time during the fermentation. 
+ Liquid level in acetator too low for sample to be taken. 


otal concentration (GK) is a constant figure obtained by adding the alcohol in volume per cent and acetic acid in grams per 
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and (ii) the effect of storage time at 4 C (40 F) upon served within 5 days, the fermentation run Ww is re- It w 
liquid cultures. corded as negative. each 0 
Several gallons of partially acetified mash taken Also within 18 hr after removing the mash fro:n the identic: 
from an operating commercial acetator were placed in acetator, Roux bottles containing yeast extrac: agar the ot 
storage at 4 C (40 F) in hermetically closed bottles. medium were streaked with the partially ac: tified charact 
Eighteen hours elapsed between removal of the mash mash. The Roux bottles were incubated at 82 F ior 24 formity 
from the acetator and the time in which the mash was to 48 hr. The bacteria from two bottles containing § fermen 
placed in cold storage. A volume of 200 ml of the mash abundant growth were washed with basal mcdium § respect 
was mixed with 50 ml basal medium and placed in each into 3.5 liters of basal medium and shaken. Several p form } 
of three 35-mm diameter submerged fermentation batches of bacteria suspension were thus prepared, [§ origina 
tubes. They were immediately aerated at a rate of and stored at 40 F. Every 7 days 250 ml of suspension J for the 
30 liters per hour. The temperature of the fermenting were placed in each of three submerged fermentation PF) nutrier 
mash was from 78 to 83 F during the fermentation tubes and treated exactly as was the acetator mash. } growth 
period of 3 to 5 days. Total acidity titrations were A pure culture of A. acetigenum was subcultured in FF obtaine 
made every 24 hr until an increase in total acidity of at yeast extract agar in Roux bottles. The cultures that [) 12 iden 
least 0.1 % was observed in each of 2 subsequent days. developed in the Roux bottles were treated’ exactly [7 outline 
If the minimal increase in total acidity was not ob- as explained above for the cultures obtained from an [) mediun 
acetator. F the me 
TABLE 6. Comparison of numbers of organisms with peak acid RESULTS been le 
levels on successive days ' that su 
= The six species of Acetobacter used were selected [J very le 
cimcoslan re acacie among several dozen well-recognized Acetobacter species |” 
eel ey aay ere ay pert Micro- on the basis of known characteristics and availability. ; 
acd | opus | echt | crganioms | acid | organioms Table 3 presents the results. A. acetigenum produced 5 TABLE 9. 
% | X 10%/ml | x 108/ml c; xX 108/ml greater amounts of acetic acid, did not form zoogloea, 7 
l 3.55 | 0.0009 | 4.75 0.0033, 4.15 0.0045 and remained functional for a longer period of time 
: 3.90 | 0.0032 | 6.15 0.07 | 5.70 1.0 than did the other organisms tested. A. acetigenum ia 
3 6.00 27.0 5.15 0.2 7 7.0 was also found to be superior under the conditions of F) 2, 
: ap wag rie a8 gn ap this work to a culture obtained from an industrial ; Aci 
: ; “quick” generator. A ; 
2) 0.1 
TABLE 7. Effect of daily dilution of fermenting media upon rate of fermentation b 5 
en ——_—_—_—___—_—. s a 
Mean acetic acid production . “F”’ ratio : Il 
Acetate , Te | —_—- E 
A B Cc D E F Acetators | Days 
= - * Opti 
g ‘ . ‘ : ‘ 
11-Day basal medium 4.41 4.48 4.41 4.84 4.68 4.46 4.55 ] 8.5246* 
10-Day enriched medium. . 4.37 4.89 4.79 5.02 4.46 4.88 4.74 5.147 26. 86* : TABI 
Recharged daily basal me- i 
6 gee 5.46 5.58 5.46 5.66 5.42 5.65 5.54 1.40 Treatment [9~ 
38 .59§ i ma 
* Highly significant, less than 0.1% probability that the variation between days in this test would happen by chance alone. 
t Highly significant, less than 0.1% probability that the variation between acetators in this test would happen by chance alone. | | 
t Not significant, greater than 20% probability that the variation between acetators in this test would happen by chance alone. } , 1 N 
§ Highly significant, less than 0.1°% probability that the variation between treatments (starting at different acid levels) wane i 2 N 
happen by chance alone. ‘ 3 IN 
s 4 «IN 
TABLE 8. Effect of dilution with basal medium upon acetic acid production during submerged fermentation im 5 IN 
= Sr ——— 6 IN 
ee Acetic acid produced each day (g/100 ml) Total acid 7 a 
dilution ~ —- produced in S is 
1 2 3 4 5 6 7 8 9 10 ul shaadi y 9 r 
30 2.65 0.70 0.30 0.57 0.30 1.20 1.53 0.35 0.30 0.60 1.30 9.80 * Kack 
30 0.63 0.63 0.69 0.40 0.65 1.70 1.80 0.55 0.35 0.60 0.50 8.50 [identical 
20 1.95 1.50 0.45 1.80 3.30 1.40 1.83 0.40 0.30 0.60 0.20 13.73 - + Cult 
20 2.10 1.15 0.45 1.20 0.80 1.30 1.85 0.55 0.20 0.60 0.10 10.30 t Same 
10 2.00 2.05 0.50 1.65 1.50 2.20 1.35 0.15 0.20 1.00 0.80 13.40 § Cult: 
1.5 i. 16.12 
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It was thought that trial fermentations, in which 
each of 12 laboratory acetators received an inoculum 
identical in all known respects to that received by all 
the others, would establish a rate of fermentation 
characteristic of the existing conditions. Several uni- 
formity trial fermentations done above as a part of the 
fermentation uniformity trials resulted in failure with 
respect to establishing a statistically significant, uni- 
form The 
original plan was to study the nutritive requirements 
for the selected culture by using a very complete 
nutrient mixture known the 
srowth of acetobacter, and compare results with those 
A set of 
12 identical acetators was to be used for the experiment 
outlined above, 6 of which would have contained the 
medium containing all the nutrients, and the other 6, 
the medium in which one of the nutrients would have 
been left out. In experimental practice it was seen 
that such an approach was not possible because of the 
very large differences in fermentation rates observed in 


rate of fermentation between acetators. 


which was to support 


obtained when one nutrient was omitted. 


TABLE 9. T'otal acidity and optical density values obtained during 
incubation of Acetobacter acetigenum in nutrient 
broth under aerated conditions 


Flask no. 1 Flask no. 2 Flask no. 3 Flask no. 4 Acetator 


Day 
o% a) | % % % o 
Ada | OD* | Add! ©P | ada | PP | ada | OP | acia | OD 
0.18) 0.115) 0.18) 0.059) 0.18)0.057) 0.18/0.105 
0.21) 0.155) 0.21) 0.285! 0.21/0.265) 0.21/0.385 
().22)} 0.195) 0.21) 0.275) 0.22'0.400) 0.220.255 


Oo 


0.07) 1.0 
0.07} 1.3 


wore ss Or bo 


— 


* Optical density determined at 550 my. 
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acetators that were identical in construction, fermenta- 
tion medium, inoculum, and aeration characteristics. 
Data from three uniformity trial tests are presented 
in Table 4. 

Data obtained above in rate of fermentation did not 
show growth lag or logarithmic growth phases. Acid 
was produced at a relatively even rate throughout the 
48 hr that the experiment lasted. Results of effect of 
concentration of ethyl alcohol upon rate of acid produc- 
tion are given in Table 5. These data indicate that 
alcohol levels were not within the critical low level at 
any stage of the fermentations. 

Another possible explanation of the seemingly erratic 
production of acid in different identically treated 
acetators is that the absence, or presence at too low a 
level, of an essential nutrient might at times slow down 
the rate of fermentation. A search of the literature 
indicated that different species of Acetobacter have 
different nutritive requirements, but with only one 
exception (A. xylinum) no information is found on 
specific requirements of different species. The addition 
to the basal medium of yeast hydrolyzate and of a 
complex mixture of vitamins in studies on the effect 
of nutrient content upon rate of fermentation showed 
erratic results with respect to rates of production of 
acetic acid by different presumably identical acetators. 
No statistically significant increase in rate of fermenta- 
tion was found when the tubes that contained the 
additional vitamins and the yeast hydrolyzate were 
compared with the control tubes. 

Results of the experiments for determination of 
presence or absence of bacteriophage indicated absence 
of bacteriophage and that acetobacter were not con- 
taminated with other bacteria. 


TABLE 10. Comparative reliability of three different types of starters used to attempt to initiate submerged acetic fermentation 


Run Culture 
1 2 3 

1 NFP-59t ao | ee | oo 

2 |NFP-59 ee ee oe oe el al ee ee 

3 NFP-59 ++— | +++] +--+ 

$ NFP-59f subcultured ——+ | ——— | +-—- | —- 
5 NFP-59 ee aie | ae 

6 NFP-59 ee) (eee = 

7 Acetobacter acetigneum§ a re nce (ee [a 
8 A. acetigenum Se | eee ee 


—+— 


9 A. acetigenum Sena Me re eens al ae 


under laboratory conditions 


Culture storage time (weeks) at 40 F* 


5 6 + 8 9 10 11 
+++) +++) --+ | +44) +--+) +44) 444 
+++ |) ++—- | +--+) +4+4+ |) -++ 
+-— | ++-—| +++ > +++) +++ |) +4+- 

—-+ | +-+ 
—-—+ a pac acs 
—-+ |) +-+ 
ee 4 — — 
oe tae 
+--—- — << <= 


* Each positive or negative sign indicates success or failure, respectively, in starting submerged fermentation in each of three 


identically treated tubes. 


+ Culture taken from an operating acetator. Courtesy of National Fruit Product Company, Inc., Winchester, Virginia. 
t Same culture as in run no. 1, but subcultured in solid medium and bacteria suspended in basal medium. 
§ Culture obtained from American Type Culture Collection, Washington, D. C., subcultured in solid medium and bacteria sus- 
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Most probable number bacterial counts done at 


several dilution levels showed no significant differences 
in turbidity. Results of standard plate counts are given 
in Table 6. Results show lack of correlation between 
numbers of bacteria and total acidity. 

A statistical analysis done on the data obtained 
above in effect of nutrient content and of dilutions of 
medium upon rate of acid production is shown in Table 
7. The results indicate that daily dilution to 3.5% 
total acidity with the basal medium and the enriched 
medium both affect the rate of fermentation. Within 
treatments, no variation between tubes was observed 
when the basal medium was employed. Significant 
variations between tubes was found when the enriched 
Results that 
variations in initial total acidity levels had a significant 
effect on the rate of fermentation. 

Table 8 shows the results obtained in the studies of 
effect of degree of dilution upon the rate of acid produc- 
tion. A statistical evaluation of the data indicates that 
there is a highly significant relationship between 
percentage dilution and mean production of acetic acid 
during the 11 days the test lasted. The acetators that 
were diluted 10% produced significantly more acid than 
the acetators that were diluted 20 or 30%. Those that 
were diluted 20% produced significantly more acid than 
those diluted 30%. 

Results of experiments on the comparison of liquid 
and solid subculturing 
in Table 9. The data indicate clearly that cell mul- 
tiplication took place, but that acid production was 
very little, almost nil. 

In studies on the effect of pH of subculturing liquid 
media upon rate of multiplication of acetobacter, 
growth was observed only in all basal medium cultures 
of pH 3.9 and pH 5.0 of the mixed culture bacteria. 
No growth was observed in any of the other mixed 
culture treatments, nor in any of the A. acetigenum 
treatments. There was no acid production in any of the 
mixed culture or A. acetigenum treatments. 

In the four times the experiment on the use of only 
liquid subcultures as starters was repeated, active 
fermentation all 
tubes. 

Table 10 presents the results of the study on re- 
liability of starter cultures. The culture taken from an 
acetator and used directly to initiate submerged fer- 
mentation in the laboratory was considerably more 
reliable as a starter culture than the other two cultures 
tested. Some of the species of bacteria present in 


medium was employed. also showed 


media as starters are presented 


was observed in six fermentation 


the acetator mash, may not have grown on the yeast 
extract agar. This fact may account for part or all of 
the difference found between the acetator mash starter 
and the subcultured acetator mash bacteria suspension. 
The qualities of the acetator mash as a starter for 
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submerged acetic fermentation were not affe ed py 
storage time of up to 11 weeks at 40 F. 
DiscUSSION 

When the research reported here was initia: -d, the J 
main objectives were to determine some of th. nutri. § 
tional requirements of certain Acetobacter speci s whey FF 
under submerged fermentation conditions, and }o com. & 
pare rates of submerged fermentation of pure cultures § 


of several Acetobacter species. The objectives of the 
work had to be shifted as work progressed bec:iuse of 
erratic fermentation rates obtained under submerged 
fermentation conditions, and because of difficulties 
encountered in starting submerged fermentations, 
Emphasis then was placed on finding a good starter 
and on factors affecting growth characteristics. 

Difficulties in starting submerged fermentations are 
not only characteristic of laboratory conditions. In- 5 
dustry also finds this problem when fermentation 
is started in commercial acetators. The problem is oj 
lesser importance in commercial practice because ac- 
etators can be kept in continuous fermentation for 
periods of months. Starting submerged fermentations 
becomes a major problem when, for research purposes, 
it is necessary to start them often. The results ob- 
tained in the work reported here, indicating that 
starters for submerged fermentations are more reliable 
when maintained in a liquid medium, may help obviate 
the problem. Once the submerged fermentation had 
started there were no major difficulties found in keeping 
it going for periods of several weeks. Longer fermenta- 
tion periods were not attempted. 

The most important problem found after fermenta- 
tions had started was that of obtaining statistically 
significant equal rates of fermentation in acetators 
that were identically treated. The solution to this prob- 
lem may be found in making relatively small dilution: 
of the fermenting mash and in timing these dilutions 
with decrease in rate of fermentation. The decrease ii 
rate of fermentation can probably be determined under 
laboratory conditions by continuous mash temper- 


ture readings and also by continuous oxidation /redu- 
tion potential determinations. 

Several factors influence rate of submerged fermenta- 
tion in an important manner. The more importail 
of these factors are oxidation/reduction potential 
alcohol content of mash, dissolved oxygen content 0! 
mash, temperature, type of microorganisms present, 





and qualitative and quantitative composition of mas! 
from the standpoint of bacterial nutrition. Maximalf 
yields and truly continuous production of vinegar )) 
submerged fermentation might be achieved by mail: 
taining oxidation/reduction potential at the optimal 
value for maximal rate of fermentation during. thi 


whole course of the fermentation. The other factors thay 
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influence rate of submerged fermentation would also 
have to be adjusted within a range that would make the 
attainment of maximum rate possible. Research aimed 
at determining the optimum oxidation/reduction po- 
tential for maximal yield of acetic acid under submerged 
B fermentation conditions would be worthwhile. In fer- 
F mentation practice, it may be possible to maintain the 
F optimal oxidation reduction potential conditions by 
P continuously charging vinegar stock in the acetator, 
and continuously discharging finished vinegar. It might 
q be possible to do this by using solenoid charge and dis- 
© charge valves and variable stroke proportioning pumps 
actuated by differences in oxidation/reduction po- 
tential. 

There is a definite need for more basic information 
on the physiology of the Acetobacter, particularly as 
it concerns the factors affecting the starting of acetic 

fermentations under submerged conditions. There is 
scant information available on nutritive requirements 
of acetobacter. This lack of information becomes more 
critical in relation to the commercial production of 
white vinegar than to cider or wine vinegar. Com- 
mercially, mixed cultures of acetobacter are used both 
in the generator and in the submerged fermentation 
processes. Investigation of possible advantages in the 
use of pure cultures for submerged fermentation proc- 
esses has merits, as the equipment is well suited to 
keeping cultures pure. 

Information of the type mentioned above, both in 
| regard to a continuous process and to physiology of the 
acetobacter, would probably contribute to higher yields 
and certainly to a better understanding of the process. 
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During 10 weeks of the summer of 1960, I had a 
free lance opportunity to visit and observe micro- 
biological establishments in Japan. Altegether, I 
visited a few dozen such places and conferred with 
scores of persons concerned with microbiological science 
in that country. The majority of places visited were in 
central Japan on the main island of Honshu, but lab- 
oratories on the islands of Shikoku and Hokkaido were 
also included. The breadth of the perspective obtained 
may be judged from the fact that site visits included 
most of the outstanding university, government, and 
industrial laboratories of Japan and also a great many 
other places. Laboratories engaged in pure medical mi- 
crobiology were visited less frequently, this area pro- 
fessedly lying outside my competence. Some national 
scientific conventions were attended. In addition to 
technical people in the above-named places, exten- 
sive consultations were had with university and insti- 
tute administrators, management officials of fermen- 
tation companies, journal editors, government officials 
in the Ministries of Public Health and Welfare, and 
of Edueation, and science writers and editors of some 
leading Japanese newspapers and magazines. 

The impressions gained and the assessments made 
from an experience of this nature are, of course, strictly 
subjective and, hence, represent a purely personal 
viewpoint. Nevertheless, for the most part I dealt 
with scientific territory in which I felt completely at 
home, and I inquisitively sought an evaluation of the 
status of microbiological science in Japan. Since I 
experienced many unexpected and novel revelations, a 
review of my mission and my analysis of the micro- 
biological situation in Japan will be of interest to 
Western scientists. 

A useful facet of this mission was the excellent posi- 
tion I was in to observe the progress of microbiological 
science in Japan since the last war. For 7 months in 
1946-47, as civilian consultant to General MacArthur’s 
headquarters in Tokyo, I had the responsibility of 
working with scientists from various parts of Japan 
toward modernizing and stimulating general micro- 
biological science through promotion of the produc- 


1 A report to the National Science Foundation under grant 
G12886. 


tion of penicillin. In course, I was able to obtain a good 
picture of the microbiological situation existing through- 
out Japan at that time. Thus, the recent visit afforded 
an excellent position from which to judge the progress 
made in the last 13 years. At the same time, I.was abk 
to discern trends that may indicate something of the 
future. Perhaps the most important advantage derived 
from my former visit to Japan was the acquaintances 
made. I had the chance to consult again, and to com. 
pare notes, so to speak, with a great many of the 
scientists I worked with in 1946-47, including many 
prominent individuals. 

As the last item of this introduction I would like to 
take up a matter frequently asked about upon my 
return to the United States, namely, the language prob- 
lem for an American in Japan. I would say that there 
is no language barrier as far as English is concerned, 
but there very definitely is a communication barrier 
for occidentals in Japan. English is taught as the 
second language almost universally in Japan, and some 
high school graduates acquit themselves conversa- 
tionally adequately in the ordinary amenities of a 
meeting between people. College-educated people are, 
of course, more skillful and, in my experience, wherever 
I went in the scientific world of Japan I found the 
English sufficient to establish rapport and to ascertain 
what was going on. Japanese-speaking occidentals are 
rarities and so it is revealing that scientific intercourse 
in Japan is not fundamentally handicapped for an 
English-speaking person. In fact, one of the surprising 
incidental things that I discovered was the large num- 
ber of persons from many parts of Japan able to main- 
tain a better than elementary English conversation, 
persons who had never 
English-tongued individual. Certainly they were more 
fluent than the so-called English-speaking employees 
in the western style hotels throughout Japan! These 
remarks should, however, be qualified by mentioning 


before conversed with an 


that an American would naturally come in contact 
with English-speaking Japanese; but, if they are a 
minority, they are a ubiquitous minority, and serve 
as interpreters for others. I should also mention the 
high frequency with which a scientist meets Japanese 


counterparts who have sojourned to the United States 
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or Europe and, thereby, acquired more or less facility 
with English. An even larger number of Japanese profes- 
sional people comprehend spoken English in spite of in- 
effectuality in speech. I lectured in English in many 
yniversities and industrial companies and was always 
impressed by the obvious comprehension of my au- 


dience, evidenced, among other ways, by assiduous 


note-taking. 


sinaidenisscnts 











However, communication of concepts or abstractions 


} by most English-speaking Japanese is much less suc- 


cessful; in fact, this was an omnipresent obstacle of the 
highest formidability to exchange of information and 
formulation of ideas. Linguistic experts have various 
explanations for this but my explanation is_ that 
Japanese words and phrases are vague in meaning; 
they take particular sense from the context of the 
sentence. Nor is Japanese thought ordered in the 
same way that the occidental mind operates. Thus, 
ambiguities and misinformation are encountered reg- 
ularly even though sentences may be expressed quite 
literately. For factual information I found the use of 
simple English words and short, even incomplete, 
Abstract 
over-all pictures had to be synthesized from answers to 


sentences most successful. information and 
persistent, systematic interrogation, point by point. 
Unless one knows exactly what kind of information 
he seeks, and insistently digs it out piece by piece, 
step by step, like a cross-examination lawyer, he might 
just as well attempt to penetrate the Bamboo Curtain. 
A proper inference from this is that it takes a hard- 
working English-speaking specialist to get really worth- 
while information from his Japanese counterparts. I 
marvel at the success many Americans, from govern- 
ment, industry, and academies, fancy that they achieve 
in surveying broad areas of Japanese endeavor on 
quick forays to that country. The accuracy of the 
assessments and the degree of authoritativeness derived 
by these frequent “10- to 14-day flying wonders,” 
as the Japanese describe them, are unimpressive to any 
had with 
Japanese people on their own grounds. 


occidental who has intimate association 


STATUS OF MICROBIOLOGY 


The postwar economic recovery of Japan has been 
amply documented, but much less appreciated is the 
remarkable 
science since the war. This is evident not only in the 
amount of activity and the scope of interests in uni- 
versity, government, and industrial laboratories; it is 


eve more progress in microbiological 


evident in the record of solid accomplishments and in a 
national enthusiasm for the power of the microbe. 
Japan today is a leading microbiological nation and 
in certain respects is rapidly gaining supremacy, if that 
is not already an accomplished fact. To informed 
scientists the world over the imposing microbiological 
stature of Japan is evident from the number, variety, 
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and quality of technical publications flowing from 
Japanese laboratories into the stream of scientific 
journals. However, it is also evidenced in another 
interesting way. Until a few years ago, Japanese in- 
dustries went to Western countries, particularly the 
United States, for information of new microbiological 
developments and to secure licenses to manufacture 
under American patents. Today, the situation has be- 
come a two way affair. American companies now 
regularly send teams of experts to Japan to learn of the 
latest Japanese progress. What is more indicative of 
this progress is that many recently discovered and 
patented Japanese fermentation processes are now 
being licensed to American and other Western com- 
panies. 

Some interesting reasons account for the unmis- 
takable emergence of Japan as a microbiological world 
power. 

lirst, successful microbiology is part art, part science. 
The art of working with microbes is especially highly 
developed, and an awareness of microorganisms wide- 
spread in Japan, because of the traditional importance 
of many kinds of fermented foods and alcoholic bever- 
ages in the diet and culture of Japan. The climate of 
Japan is warm and humid, particularly during the 
rainy season in early summer. These conditions are 
favorable for microbial growth and activities, especially 
for molds, in uncontrolled environments. Microbes are 
intimately and widely connected with Japanese foods, 
and fermented foods constitute an important part of 
the Japanese diet. Almost every morning, miso soup is 
drunk at breakfast. The principal ingredient of mzso is 
soybean which is fermented through enzymatic re- 
actions of a mixed flora of molds, yeasts, and bacteria. 
Shéyu (soy sauce) is indispensable for Japanese meals 
and is also the product of a mixed flora fermentation. 
Ko6ji (moldy cereal grains) plays a key role in the 
fermentative processing of a variety of Japanese agri- 
cultural products, especially for industrial aleohol and 
fermented beverages. Until quite recently, most farmers 
made their own miso and shéyu and, secretly, even 
sake (rice wine). Even today most Japanese wives 
prepare many kinds of popular pickled foods which 
also involve microbial activities. 

Second, microbiology is one of Japan’s most im- 
portant national resources. It is an especially significant 
nation of 
limited material national resources. This, like the ap- 
prehensions about atomic bombs, is a specter ever 
present in the immediate background in Japanese think- 
ing and policies. In the context of Japan I found this 
to be much more compelling than in the United States. 
Microorganisms offer a potential means of manufac- 
turing an almost unlimited variety of chemical and 
biological products from a few cheap substances that 
are abundantly available in Japan, especially sweet 


one for Japan because that country is a 
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potato starch and imported Formosan, Phillipine, or 
Cuban molasses. In this way microorganisms upgrade 
the value of raw materials and, thereby, create new 
industries, each utilizing the same few raw materials 
and contributing new products to the domestic and 
export economy. 

Apart from the fermented foods described above, 
microbiological industry, through alcoholic beverages, 
occupies a central role in the over-all economy of 
Japan. There are over 4,000 manufacturers of natural 
sake in Japan and 15 beer breweries. In 1958, the taxes 
on alcoholic beverages amounted to 16.6% of the entire 
government tax revenue for that year. It is, therefore, 
not surprising that fermentation research and the 
training of technical experts in this field are strongly 
supported by industries and government alike. A simi- 
lar emphasis has now become apparent in the new di- 
rections of applied microbiology. 

Third is the dexterity and manual skill of Japanese 
technical workers in the laboratory and in production 
plants. Unquestionably, these talents contribute im- 
portantly to microbiological progress. 

Fourth is the vitality and diligence of Japanese indi- 
viduals. These result in the necessary quality of sys- 
tematic thoroughness. American laboratories which 
have had visiting Japanese scientists are well acquainted 
with these characteristics. 

Fifth is an eagerness to learn, to emulate, and to 
become expert in the newest developments published 
in other countries. 

Sixth is a proportionately large emphasis on micro- 
biological science and technology. This is evident in 
the number of universities, hospitals, industrial compa- 
nies, and government and private institutes in which 
various aspects of microbiology are emphasized and are 
strong. A majority of Japanese universities which have 
agricultural colleges has Chairs of Fermentation. 

Seventh is the existence of several universities, with 
outstanding microbiological professors, which already 
have a tradition of training and inspiring young men 
for careers in microbiological science. 

Kighth, the spectacular impact of the antibiotic age 
on Japan’s vital statistics has intensified the already 
existing public focused attention on 
microbiology as a glamor subject. Submerged penicillin 
was introduced to Japan in 1946 and less than 3 years 
later Japanese fermentation plants had satisfied the 
domestic penicillin requirements and this drug was an 
item for export trade. The remaining antibiotics came 
into full production in rapid succession, and progress 
in this line culminated in the Japanese discovery of 
kanamycin, which is looked upon with a sort of national 
pride. Through the occupation authorities, immediately 
after the war many improvements in medical science 
and public health were introduced to Japan, all of 
which contributed to the improvement of Japanese 
well-being. However, antibiotics are given the main 


awareness and 
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credit for the fantastic increase in human long ity in 
Japan. In 1947 the life expectancy of Japanese : on was 
50.1 years and women, 54.0 years. Twelve ye:.-s later 
the corresponding figures were 65.2 and 69.9 \ cars, 4 
spectacular 15.5-year increase in life expectan: v. Fey 
individuals in Japan are unaware of this impac: on the 


health and lives of their families. 


GRADUATE EDUCATION 


Graduate students, especially in the major J:paney 
universities, are products of a rigorously selective edy- 
cational system. Nine years of schooling are required for 
all Japanese youths. Only a small number of high 
schools in the major cities of Japan provides the quality 
of preparation needed to secure admission to the hard 
core of preferred universities. The order of success of 
these high schools has led to a numerical ranking of 
their accepted quality and consequent exclusiveness, 
For example, Hibiya High School in Tokyo, regarded 
as no. 1, has an esteem and function comparable to 
Boston Latin School in Boston, Massachusetts. En- 
trance to these few top-ranked high schools is based on 
citywide examinations, with most superior students in 
the cities competing, since this is the best insurance for 
admission to the few choice universities. Even so, the 
nationwide university examinations are so stiff that 
only about 30% of the admissions to Tokyo University 
comprise graduating high school seniors. The rest is 
made up of high school graduates who pass the exani- 
nations only after 1 or 2 years of postgraduate high 
schooling. Approximately one out of seven applicants 
is accepted to these universities under this system. 
Academic standards, entrance examinations, limited 
scholarship support, and physical limitations on ev 
rollments combine to effect a strict selectivity of student 
material. 

Preparation for microbiological professions is avail: 
able principally in certain of the 72 government-sup- 
ported national universities. The foremost of these ar 
the prewar Imperial universities, namely, Tokyo, Ixyote, 
Osaka, Tohoku, Hokkaido, Kyushu, and Nagoya Un: 
versities. They are generally ranked in this order. Non 
of the other national universities is in this class, having 
been elevated after the war from the level of junior 0! 
agricultural college to university status by little mor 
than a government decree. In the seven universitie 
mentioned are concentrated most of the outstanding 
scientists, microbiological and otherwise, and _ they, 
together with their staffs and students, are regarded a 
the scientific elite of Japan. By far the major part ¢ 
Japanese microbiological scholarship emanates  frotl 
these universities and affiliated institutes. As regard 


private institutions, two in particular, Waseda Uni 
versity and Keio University, both in Tokyo, are gener 
ally thought to provide good training for profession@ 
biology, among other things. 

After the war, the graduate-training system wi 
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rather abruptly shifted from the former German style 
«9 one resembling the American system. Departments 
still have only one professor. Other academic personnel 
in the department, namely assistant professors, are 
under the authority of the professor, and this includes 


their research activities, which are directed by the 


; professor. In other words, departments are strictly one 


P man affairs, and assistant professors are literally as- 
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stants to the professor. Before the war, graduate 
training in microbiology was taken for granted to in- 
volve a long period of research servitude to the pro- 
fessor. When the latter adjudged that the graduate 


Fassistant had enhanced his mentor’s reputation suf- 


ficiently, he was permitted to take his Ph.D. degree. 
Kight-, ten-, or even twelve-year stints of full time 
research assistance were common. 

The United States occupational authorities revolution- 
ized the entire educational system in Japan, especially 
in the graduate and professional sciences. The normal 
period of study now for the Master’s degree is 2 years, 
with 3 additional for the Ph.D. The M.S. degree in- 
variably is taken by a Ph.D. candidate. The first 2 
years in college (junior course) cover general education 
in liberal arts and culture. The last 2 years of the 
Bachelor’s degree program (senior course) provide 
knowledge in more specialized fields. The postwar pro- 
gram stresses, more than the former program did, 
supporting courses in subjects allied to microbiology. 


' However, strong compartmentalization is still a charac- 
‘teristic of most graduate training, and even research, 


in Japan. From talks with a great many Japanese 
scientists, especially younger ones, I obtained the im- 
pression that the breadth of interests and scope of 
literature knowledge are substantially less with them 
than with comparable American scientists. 

The organization of graduate training and research 
along strictly vocational lines fosters the professional 
isolation found so commonly in Japan. For example, 
breadth — in 
standably restricted in an academic system in which 


microbiological scholarship is under- 
only pathogenic microbiology is taught and investigated 
in the Faculty of Medicine; industrial and soil micro- 
biology in the Department of Agricultural Chemistry, 
Faculty of Agriculture; plant pathology in the Depart- 
ment of Agriculture, Faculty of Agriculture; dairy 
jand animal pathogenic microbiology in the Department 
jot Veterinary Science, Faculty of Agriculture; and 
general microbiology and mycology in the Department 
Hof Botany, Faculty of Science. The opportunity for the 
fusion of the various facets of microbiology with sup- 
Porting biological, chemical, and physical training disci- 
plines essential for the production of scholars with 
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bophisticated outlooks in basic microbiology does not 
Pexist i) Japan, even for the student who aspires to this 
rend. Interdisciplinary training and intercourse would 
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mg way toward broadening the base for an ap- 
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subject, with an appreciation of the biological and 
chemical problems which are unique to microorganisms 
and which in microorganisms illustrate general bio- 
logical principles. But the emphasis on the practical 
applications of microorganisms would also have to be 
abated, or compensated for by matching alternatives. 
Ironically, history attests to the fact that the surest 
way to new areas of practical developments is through 
basic research uncommitted and, seemingly, imprac- 
tical. 

Microbiology in Japan is, without question, most 
robust in the applied aspects. Undoubtedly, the peculiar 
fitness of microbiological industries for the Japanese 
economy, as mentioned above, accounts for this in 
part. It seems probable that inculeations from vo- 
‘ational emphasis also orient students in practical di- 
rections. However, the special qualities of the Japanese, 
which endow them with mastery of and success with 
the screening, development, testing techniques, and 
rationale upon which so much of modern industrial 
microbiology is based, also help account for the empha- 
sis on exploitation of the microbe. Partly for these 
reasons, and partly for the tradition of utilizing micro- 
organisms in processing agricultural products, one finds 
that a large fraction of microbiological science in the 
universities in Japan today is done in departments of 
agricultural chemistry, and, as well, in the other clas- 
sical lines mentioned above. 

One other important explanation of the widespread 
preoccupation of academic people with potentially 
practical microbiological problems has to do with re- 
search funds, as well as academic salaries. As discussed 
later, funds for support of basic research are pitifully 
small in Japan. On the other hand, applied research in 
universities receives industrial support. Moreover, the 
prospects of research support from royalty income from 
patented developments is a mirage which spurs im- 
poverished laboratories to applied objectives or pro- 
grammatic research. 

The Ministries of Public Health and Welfare and of 
Education are the main sources of scholarships and 
fellowships in Japan. These are woefully inadequate in 
numbers and in value of the stipends. Undergraduates 
may receive government scholarships; in Tokyo Uni- 
versity’s Department of Agricultural Chemistry last 
year, 70% of the undergraduates received Education 
Ministry scholarships averaging 3,000 yen ($8.33) per 
month. Master’s candidates received 6,000 yen ($16.33) 
per month, and Ph.D. candidates up to 10,000 yen 
($27.77) per month. According to the Ministry of Edu- 

‘ation, student living expenses in Tokyo today are 
6,000 to 10,000 yen per month. Recipients of the 
scholarships disagree. 

A program of competitive predoctoral and _post- 
doctoral fellowships is supported by the National 
Science Foundation of Japan, a government agency. 
These predoctoral fellowships, ordinarily renewable for 
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only 1 or 2 years at the most, carry 15,000 yen ($42) 
per month. Postdoctorate fellowships, of which there 
are very few, carry 20,000 yen ($56). 

Partly because of the limited fellowship support in 
Japan, and partly because of the relatively few uni- 
versities which offer the desired training in microbio- 
logical science, the annual Fulbright Fellowships are in 
great demand and are highly prized. Training in an 
American laboratory or that of another western country 
has prestige value in Japan aside from the training value 
itself. The Japanese Fulbright 
awards fellowships to about one of every two or three 
applicants and the standards employed are high. The 
fellowships cover only round trip travel to the foreign 


Committee usually 


country and, in the usual case, the fellow receives local 
support in the destination laboratory to cover living 
expenses in that country. Some fellowships are awarded 
under both the Fulbright and the Smith-Mundt Acts, 
in which case living expenses are also provided. 


SALARIES 


In terms of dollar values, in Japan the cost of living 
according to American standards is about !3 to 14 that 
in the United States, but salaries for technical and 
academic people are disproportionately less. It may 
inflate the ego of American professors to learn that at 
least one Japanese college professor confessed to me 
the sincere belief that his American colleagues make 
$49,000 a year on the average! Yet this may seem to be 
our status from the extremely low salary vantage points 
of academic people in Japan. Academic people tra- 
ditionally are relatively poorly paid; in Japan this is a 
speciality. One of Japan’s most distinguished uni- 
versity professors, in microbiological science, who also 
is Dean of his Faculty (College), receives a salary of 

2,000 yen ($228) per month; take home pay after 
taxes is 55,000 yen ($153). The government’s salary 
scale, as it was published on August 9, 1960, is recorded 
in Table 1. 

Salary seales for nonacademic scientists in the gov- 
ernment research institutes are even lower, perhaps by 
10% , than for scientists of comparable rank or stature 
in the teaching profession. 

Aside from the indignity that such salaries engender, 
academic persons are obliged or tempted to supplement 
their incomes with extracurricular activities such as 
consulting, performance of applied research for in- 
dustry, and book writing. These practices are wide- 
spread among most individuals with some reputation. 
They are a leading cause of preoccupation with practical 
microbiology and a deterrent to basic research. The 
government from time to time promises improved 
salaries for college professors, but the latter are resigned 
to such promises and little accomplishment in this 
regard. Education Minister Masuo Araki proposed to a 
‘abinet meeting on August 3, 1960, that the national 
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budget for 1961 raise the pay of professors “to. srevey} 
them from trading their ivory towers for 


’ 


careers.” 


Isiness 


The salary situation is complicated by the f: +t tha 
merit does not enter into salary consideration. : equal 
distribution is made to all 72 national (gove:nment. 
supported) universities on the basis of the nu:aber oj 
professors. Thus, to achieve a material improveinent jy 
the salary status of a minority of outstanding and 
deserving professors, a vast majority of mediocre and 
other professors also have to be raised. The Education 
Ministry is definitely in an unenviable position. Hov. 
ever, it should be noted that, according to Educatigy 
Ministry sources, if the next fiscal budget does noi 
allow pay boosts for all professors at the 72 goverinment- 
operated universities, professors at institutions offering 
postgraduate courses will be given priority. This is ; 
breach in the rigid system that previously did not 
allow recognition of the need to reward talent sele. 


tively, and in essence, is a device to concentrate extn 
support in Tokyo, Kyoto, Osaka, Tohoku, Hokkaido, 
Kyushu, and Nagoya Universities. 

Kach university determines its own retirement age, 
which is relatively low, probably a carry-over from thy 
traditionally short life expectancy in Japan. As mei- 
tioned above, the expectancy now is approaching that 
of the United States, and that may lead to an increas 
in the retirement age. At Tokyo University, 60 is th 
retirement age; at Kyoto and Osaka Universities, (i 
At retirement age, full professors receive a lump r- 
tirement sum amounting to 200,000 to 300,000 yeu, 
depending on length of service. In addition, the ful 
professor receives for life a monthly pension of fron 


TABLE 1. Basic wages by vocation (government employees 
Title Wages earned per mont 
yen | dolla 

Administrative 
Bureau Director 51,200 142 
Section Chief 39,000 108 
Assistant Section Chief 29 ,000 81 
Sub-Section Chief : 23 ,500 65 
Starting pay (university graduate) .. . 10,800 30 

Starting pay (senior high school 
| rae 7,400 21 

Educational 
Professor (top) | 67,900 190 
Professor (middle) : 50,100 139 
Assistant Professor (middle) . . 36,500 101 
Lecturer (middle) : 27 , 200 76 
Assistant (master’s degree)... 13,500 38 
Medical 

Deputy Hospital Head, Veteran Chief 
Doctor Ce eee = 49 300 137 
Department Head............ 41,300 115 
RNIN ONT lore pees in BR oka aici a me's 14,500 4) 


* Exchange rate: 360 yen = 1 United States dollar. 
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10 to 70% of his last salary. After his death his wife 
or dependents also receive a pension. 

SUPPORT AND CONDITIONS 


The plight of Japanese basic research is vividly ap- 
parent from the physical environment in which it is 


conducted. By American standards, most of the labora- 
Stories in universities and institutes are old and dilapi- 
P dated, with little evidence of maintenance, past or 
B present. There are, of course, some exceptions, but 
Seven new buildings are underdesigned and stark. As a 


rule, laboratories and classrooms of microbiological or 
other science are poorly lighted, inadequate in furniture 
and fixtures, and, in general, stand as incongruities 
against the requirements of modern science. Again with 
jcertain exceptions, the drabness, dinginess, and mar- 


Svinal facilities of most laboratories must surely cast 


depression on their inhabitants. There are some show 
places, of course, but it takes a systematic survey to 
jimpress a visitor that such well-known centers of at- 
jtraction are as unrepresentative of the laboratory 
: building conditions in Japan as the Potemkin villages 
i were of the Russia of Catherine the Great. 

Similar comments apply to equipment. There is much 


Fvood laboratory equipment of Japanese manufacture, 
Ssuch as microscopes, infrared and ultraviolet spectro- 


photometers, Warburg respirometers, fraction collectors, 
Pcentrifuges, autoclaves, jar fermentor assemblies, and 
Bclectron microscopes. Indeed, one wonders why the 
fine quality instruments and apparatus, costing less 
Hihan one-half, and frequently less than one-third, of 
Sthe United States articles, are not exported to the 
= United States in larger numbers. However, laboratories 
P well-equipped by American standards are very much 
in the minority and, here again, these are the relatively 
fiew strong centers of microbiological activity. Those 
Slaboratories concerning themselves with some phase of 
Sapplied or programmatic microbiology appear to be by 
Hiar the best equipped. Time and again the matter of 
Sinadequate budgets restricting the acquisition of more 
lor less standard modern apparatus, radioactive chemi- 
icals, and other material requirements was brought up, 
respecially in laboratories seeking to concern themselves 
with nonprogrammatic research. 

: This situation broadens farther the already wide gulf 
Sbetween a small number of well-fixed centers and the 






Hrest of the academic laboratories throughout the length 
Pand breadth of Japan. The good get better through 
Mtheir attraction of outside support, and the better 
"students and researchers of the country become concen- 
Mrated in a few places. Not the least of the reasons 
Malented students gravitate to a very few universities 
Ho Japan is that these institutions are the habitual 
Rourees whence originate key personnel for academic, 
professional, business, and government positions. This 





Praditional practice of exclusiveness has become a cult 
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which transcends the Ivy League dogma in the United 
States. Graduation from one of the very small number 
of top-ranked Japanese universities is almost a sine qua 
non qualification for a leadership career in all walks of 
Japanese life. 

Japan is paradoxical to an occidental in many ways. 
In spite of the booming economy that is one of the 
economic marvels of the international scene, the pro- 
fessional, educational, and basic research systems of the 
country have been sadly neglected. The problem of 
budget is, of course, the prime factor. Yet, the few- 
months-old new Japanese government of Prime Minister 
Ikeda has already planned and promised nationwide 
tax reductions for the next fiscal year. A concerted 
effort to strengthen and broaden graduate education 
and basic research in natural sciences is a pressing need 
of Japan today. A new building program to abolish the 
dismaying decrepitude would be a tremendous advance, 
as well as a powerful morale factor. Pleasant laboratory 
environments would also provide attraction for young, 
talented people to careers in science. 


PROFESSIONAL CAREERS 


Poor salaries and poor working conditions are, of 
course, traditional deterrents to young talent in pursuit 
of academic or other basic research positions in science. 
In Japanese universities there is the added dissuasion 
intrinsically bound up with the one professor per de- 
partment system. The incentive of recognition and 
promotion based on individual merit can hardly express 
itself when death or resignation of “the Professor” 
is the only opportunity for an assistant professor, and 
then only one in a department, to acquire independent 
stature. Obviously, that event might not transpire for 
many years, during which time the status of competent 
or outstanding department members changes little. 

However, one other practice, which is novel to 
Americans, also works seriously against the inflow of 
young talent to microbiological and other technical 
professions and careers. This is the extraordinary and 
time-honored practice in industry of having salary 
scales based primarily on the age and years of experi- 
ence of the employee. Degree of technical education, 
training, and individual talent or merit count for little 
in determining the beginning salary available for 
persons joining a commercial laboratory. Regardless of 
Bachelor, Master’s, or Doctor of Philosophy status, 
the ‘‘age ladder’ determines starting salaries. Thus, 
one may witness commonly the strange situation in 
which a bright, young Ph.D. receives the same, or 
little more, salary than an ordinary Bachelor or 
Master’s person of the same age. Currently, a fresh 
Bachelor of Science employed in a pharmaceutical 
fermentation company begins at about 15,000 yen ($42) 
per month, a Master of Science at 18,000 yen ($50), 
and a Doctor of Philosophy at 22,000 to 25,000 yen 
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($61 to $70). During the 5 to 7 years it takes to earn 
the Ph.D. degree, the B.S. employee meanwhile is 
raised to 22,000 to 25,000 yen. Salarywise, the experi- 
ence with the company is rated equivalent to the uni- 
versity advanced degree training. Automatic annual 
raises are the rule, and after several years the Ph.D. 
gradually pulls ahead. Frequently, the ‘“‘bonus”’ system 
is used to confer salary distinction without, however, 
changing the entrenched salary lines. The main basis 
for salary distinction comes through increased super- 
visory responsibilities, promotion to laboratory chief 
carrying with it the first real salary superiority for 
superior individuals. 

Another important facet of this situation is the cus- 
tom of lifetime commitment of a worker to one com- 
pany. Jockeying for an improved position in another 
company and hiring another company’s man are re- 
garded as unethical and are practically unknown. The 
age ladder system is so strong that the second company 
would not break the salary line anyway. A tradition 
of implied loyalty to one’s company for a lifetime, 
together with the failure of other companies to compete 
for an employee’s services, perpetuates the age ladder 
system. The longer an employee works for one company, 
the larger his stake in retirement provisions, which are 
sacrificed by a change of position to another employer. 

The insidious consequences of these Japanese values 
are apparent to the American way of thinking. The 
automatic salary increase with age, with its equality 
of mediocrity and talent, engenders stagnation; it 
evokes fealty on the part of the employee, and, for its 
part, a company rarely discharges a technical person. 
But the most pernicious consequence of this system that 
rates age and years of experience over creative talent 
and competence of the individual is the demoralizing 
influence on Ph.D. graduate programs in technical 
fields. The economic plight of the average Ph.D. candi- 
date being what it is, coupled with the scarcity of gradu- 
ate fellowship support, understandably causes many a 
potential Ph.D. candidate to weigh the merits of de- 
voting a minimum of 5 Spartan years to study for the 
privilege of obtaining a salary in industry not signifi- 
cantly higher than he can obtain with a Bachelor degree. 
The incentive of a higher standard of living based on 
salaries in proportion to training and competence, 
which is the foundation of the American enterprise 
system, is absent in Japan. Under this Japanese system, 
the incentive for a great many people to submit to the 
discipline involved in obtaining the Ph.D. is undoubt- 
edly removed. It is obvious that one is confronted here 
with the very heart of any program designed to attract 
and strengthen the pool of personnel with advanced 
training in microbiology and other technical professions. 
Such a doctrinaire practice curtails, of course, the 
creative potential of the country. 
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In lieu of salary inducements, the compa 


‘S are 
nevertheless, successful in luring people from, « .d com. 
peting with, teaching and basic research caree) .. Firg. 
the laboratory surroundings and equipment in ost of 
the established companies are vastly superior 0 wha 
is available in most universities or noncomme cial yo. 
search institutes. For essentially the same salary, young 


people are, therefore, attracted to the working cop. 
ditions in industrial laboratories. Second, a curious 
kind of commensalism has evolved between industries 
with a surplus of Ph.D. potential material holding 
Bachelor or Master’s degrees and certain practically 
oriented university laboratories. The industry arranges 
for a suitably qualified employee to conduct Ph.) 
dissertation research in a convenient university. The 
problem is selected by the supervising professor; jt 
may or may not pertain to the company’s interests 
and objectives. The student receives company salar 
during the arrangement, the university laboratory te. 
ceives some financial contribution, the professor may 
receive consulting compensation, and the company 
receives an exclusive or preferred position with respec 
to patentable inventions. In this way the companies 
secure the talented guidance and supervision of a pro- 
fessor in a field of his special competence. Employees 
may eventually earn the Ph.D. degree in this way, but 
a great deal of importance is also placed on 1-yeu 
programs of this nature, to acquire the training and 
results involved without completion of Ph.D. require. 
ments. Thus, the industry-sponsored training system 
compensates somewhat for the premature hiring oi 
persons interested in and capable of doing Ph.D. level 
work. Probably the industries sense the shortcoming: 
of the age ladder system without choosing to break th 
system. 

The situation is ripe for a means of effectively break- 
ing this custom in Japan. An ideal way would be for 
small companies, incapable of matching their big con: 
petitors in numbers of research personnel and scale o/ 
laboratory facilities, to outcompete in certain fields by 
securing basic patents developed by outstanding per 
sonnel. Creative talent could be purposely attracted t 
the small companies by exceptional salaries, and th 
impact of their contributions undoubtedly would bi 
felt within several years. Small companies with out 
standing talent could, thereby, compete with a better 
than even chance against the large companies in field: 
in which ideas pay off. In self defense, the large con: 
panies would be forced to vie for superior talent, and 
the merit barrier would be broken, to the indirect grea! 
stimulation and improvement of technical strengt! 


through all levels of Japanese endeavor. I regard thi 


situation to be one of the main problems and, at th 
same time, major opportunities for Japanese scien 
today. 
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R ESEARCH I NSTITUTES 


Cognizance of the power of the microbe in the 
economy and welfare of Japan is illustrated by the 
activities of a number of government-sponsored re- 
arch institutes which, in scope, correspond roughly 
to the United States National Institutes of Health and 
the regional laboratories of the Department of Agri- 
culture. Indeed, the National Institute of Health of 
Japan, in Tokyo, is patterned somewhat after that 
United States organization. Other noted centers of 
research in medical microbiology are the Institute of 
Infectious Diseases of Tokyo University and the Osaka 
University Research Institute for Microbial Diseases. 

Criticisms are common against bureaucratic ineptness 
and shortsightedness in the Ministry of Public Health 
and Welfare’s programs and the disproportion in budg- 
etary allotments to administration versus laboratories 
and researchers. The impact of the impressive statistics 
onhuman longevity in Japan already cited is made less 
satisfying by the discomforting incidence of mass out- 
breaks of food poisoning reported in the daily press 
in the summer of 1960, and by the monumental govern- 
ment administrative bungling in polio vaccine adminis- 
tration culminating in the polio epidemic disaster in 
Hokkaido in the summer of 1960. This situation was 
as perplexing in Japan as the Cutter incident was in 
the United States. Salk vaccine knowhow has been 
available for over 5 years, and ample supplies were 
available for import from the United States, but vaccine 
was desperately unavailable during the most severe 
polio epidemic in Japan’s history. In the wide publi- 
cizing of the offer of the Russian government to donate 
Salk vaccine at the height of the emergency, the inci- 
dental information that the donation was good only 
for some 1,200 doses was not often revealed. 

Privately supported institutes devoted to medical 
microbiology are best represented by the Kitasato In- 
stitute for Infectious Diseases (Tokyo). In laboratory 
facilities, the dilapidation of which at first sight dis- 
tresses an American, this institute, headed by the son 
of the famed 8. Kitasato, manages to maintain broad 
research programs in medical microbiology. Support 
comes mainly from the Institute’s commercial produc- 
tion division which sells all kinds of vaccines, and also 


the founding of the Institute is nearing completion in 
the form of a separate, medium-sized facility for the 
manufacture of Salk polio vaccine. A sizable antibiotic 
screening program has been conducted for 15 years 


+ under the direction of Dr. T. Hata, the son of 8. Hata 
} who collaborated with Ehrlich in the discovery of 


salvarsan. Culture filtrates of some 36,000 isolates of 
actinomycetes have been screened for activity in bac- 


teria!, viral, parasitic, fungal, and cancer test systems. 
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Eleven antibictics have been discovered: luteomycin, 
leucomycin, carzinophilin, mitomycin, melanomycin, 
amaromycin, ascaricidin (anti-Ascaris), protomycin 
(anti-Entamoeba histolytica), cephalomycin (anti-en- 
cephalitis virus), cerulenin (anti-Candida albicans), and 
“No. 339” (anti-acites and solid tumors). 

In medical microbiology outside of Tokyo, the Re- 
search Institute for Microbial Diseases, a branch of 
Osaka University, must be mentioned as an outstanding 
center. The broad scope of the activities in this Institute 
is exemplified by the sections in the Institute and the 
type of work currently done: Pathology (virology), 
Virology (epidemiology), Bacteriology (medical my- 
cology), Immunology (immunological chemistry), Para- 
sitology (microbial genetics), Chemotherapy (biochemi- 
cal pharmacology), Tuberculosis (section I, bacterial 
physiology; section II, acid-fast microorganisms), Clini- 
cal Research (cancer clinic), Preventive Medicine (vir- 
ology), and Leprosy (bacteriology and chemotherapy). 

In the nonmedical areas, the principal government 
microbial establishments are two: the Brewing Experi- 
ment Station (Tokyo) and the Fermentation Research 
Institute (Inage, Chiba Prefecture). The Brewing Ex- 
periment Station, an agency of the National Tax 
Administration Agency, Ministry of Finance, was organ- 
ized in 1904 for the purpose of investigating off-fermen- 
tation and spoilage of sake and improving its quality 
for “the purpose of securing a liquor tax imposed on 
liquor makers.”’ Some 50 persons are concerned in 
seven research sections: analysis and appraisal of all 
alcoholic liquors; raw materials; manufacture and stor- 
age of sake; taxonomy and ecology of fermenting mi- 
crobes; physiology of fermenting microbes; manufacture 
and storage of distilled liquors; and manufacture and 
storage of compounded liquors. This institute has large 
scale production equipment and provides many tech- 
nological services for commercial brewers. 

Through a foundation organized for this purpose, the 
Institute annually distributes over 50,000 bottles of 
selected starter strains of sake yeast inoculum to sake 
manufacturers all over Japan. Each year it also oper- 
ates a 3-month training course for some 40 technicians 
from the beverage fermentation companies. 

Rice mash prepared by saccharification with koji, 
rice molded with Aspergillus oryzae, is fermented by 
the yeast to an alcohol content of 18 to 20%. Ordi- 
narily today, the filtered liquid is diluted with two 
parts of 50% ethyl alcohol to yield the commercial 
product with an alcohol content of 15 to 16%. 

One of the most intriguing developments in this 
connection is the popularity of synthetic sake. Interest 
in this started about 25 years ago for the purpose of 
conserving food rice. However, the greatest develop- 
ments have taken place in recent years concurrent with 
the refinement in modern methods of separation, iso- 
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lation, and identification of complex mixtures of 
compounds in natural materials, especially minor com- 
ponents. A number of taste-, flavor-, and bouquet- 
lending pure chemicals, among which may be mentioned 
succinic and lactic acids, minerals, glycine, leucine, 
alanine, and glutamic acid, are blended with industrial 
alcohol produced from sweet potato starch or molasses 
to yield a product surprisingly similar to the natural 
fermentation beverage. As more constituents of natural 
sake are identified, the synthetic version improves. Im- 
portant research on this subject is also conducted in the 
Institute of Physical and Chemical Research in Tokyo. 
Enzymatically hydrolyzed soybean powder or casein 
have been found to improve materially the taste and 
flavor of artificial sake. Additional verisimilitude is 
achieved by a small proportion of natural sake. Arti- 
ficial sake is gaining wide popular acceptance, the 35 
million gallons sold in 1959 representing about one-fifth 
of total sales in Japan. Its cost is about one-half that 
first class natural sake and only little less than the 
price of second class natural sake. Artificial sake is 
taxed at the same rate as the natural product, on the 
basis of alcohol content. 

The government’s augmented tax take through the 
development of artificial sake may boomerang in an 
unexpected way. The success of artificial sake has led 
to study of the components of beer responsible for its 
distinctive qualities, and, through the liberal use of 
cheap substitute materials mixed with alcohol below 
the taxable limits, potable products claimed to resemble 
natural beer are being marketed. Untaxed, they sell 
for a small fraction of the cost of the regular product 
and the several manufacturers of the artificial products, 
for which there are various formulas, expect eventually 
to capture an appreciable portion of the beer market. 

The emphasis given to beverage fermentation science 
and technology is further indicated by the existence of 
Departments of Fermentation Technology in several 
universities, especially Osaka, Yomanashi (Kofu), and 
Hiroshima Universities, and in Tokyo Agricultural Uni- 
versity, a private institution. Also, almost all of the 
national universities which have agricultural colleges 
have at least one Chair or Professor of Fermentation. 

The Fermentation Research Institute at Inage, Chiba 
Prefecture, is wholly government-supported and illus- 
trates the importance attached to microorganisms for 
the economy and special talents of the Japanese. This 
institute, established in 1940, has 46 technically trained 
persons studying industrial applications of micro- 
organisms, excluding beverages, foods, and pharma- 
ceuticals. Essentially, it is concerned with production of 
chemicals by fermentation. Its main objective originally 
was increasing the efficiency of the industrial ethyl 
alcohol fermentation of sweet potato starch. Develop- 
ments made in this institute on the Amylo saccharifi- 
cation and fermentation stages have been adopted by 


J. W. FOSTER 








vou. 9 F 1961) 





all of the industrial alcohol companies. In the last 19 [11 ass: 
years, the amount of raw sweet potatoes req:ired to J admini 
yield 1,000 kiloliters of ethanol has been reduc d from |) studen 
7,000 to 5,000 kg. advan¢ 

In extremely poor physical circumstances, practicg| J investi 
developments in the following main lines are int«isively | ing bas 
pursued currently: microbial production of rubber: in. | There : 
duced amylase synthesis; development of new mutagens J lems ¢ 
for molds; reductive bacteria, especially the bacteria] | below. 
production of soluble leucoindigo from insoluble plant Firs! 
indigo; submerged production of ustilagic acid as 4 — directo 
raw material for chemical syntheses; laccase production — Acadet 
as drying agents for the lacquer industry; dipicolinie — the lac 
acid production by filamentous fungi; microbial! muci- — bacteri 
lages and thickening agents; vitamin By, production by — crystal 
combined methane fermentation and activated sludge — {umars 
process; new antifungal agents to prevent deterioration: — Escher 


and unfermentable sugars in barley. deficier 

Government support is also provided for research jn — ductiot 
food fermentations, notably miso (soybean mash) and Seco. 
shdyu (soy sauce), in one of the divisions of the govern- | Impro' 
ment Institute of Food Research (Tokyo). proteo! 


Some well-known private institutes capitalized partly B genetic 
with government funds also engage in microbiological — mation 
research. Perhaps the largest is the Institute of Physical § backgr 
and Chemical Research, most of the senior staff mem- § parase: 
bers of which are professors in Tokyo University. Es- f acid in 
tablished in 1919 by the Emperor Meiji, the Institute Thir 
was patterned after the Kaiser Wilhelm Institute in § Assiste 
Germany. Over the past 2 years, approximately 60% § and de 
of the budget was borne by the national government and ta 
and 40% came from patent income and industrial re- f of org: 
search contracts. Six of the many sections are concerned f gas; al 
with microbiology and biochemistry. New antibiotics, out ste 
the physiology and biochemistry of microorganisms re- Fou 
lated to the beverage fermentation industries, hydro- f rector. 
lytic enzymes of many kinds, and bioengineering com- f Prize): 
prise the principal programs. fermen 

Undoubtedly, the strongest aggregation of people | ductior 
devoted exclusively to general and applied microbiology | biologi 
is found at the Institute of Applied Microbiology of | microh 
Tokyo University. Organized only in 1953, this institute f of stra 
is, like the Rutgers University Institute of Microbiology, > = Fi/t/ 
a center of basic microbiological research and scholar-f rector. 
ship. Here, too, support is derived from government f cillus | 
basic research grants and industrial research grants.f acid b 
Its chief scientific staff has academic ranks in Tokyo synthe 
University and graduate student research training ish subtil?: 
conducted in the Institute. The Institute was organizedf and an 
by the first director, Professor Emeritus K. Sakaguchi,f extract 
and is presently headed by Professor T. Asai, dis-B  Sirt 
tinguished fermentation authority. Because of the apical Profes: 
position and influence that the Institute has in Japanesef charac 
microbiology, some information on its organization and antibic 
activities will be of interest. As of fiscal 1960, the& Umezg 
permanent staff numbered 74, including ten professors. > Hea|:| 
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{| assistant professors, and the rest technicians and 
administrators. In addition, more than ten graduate 
studenis were pursuing dissertation research toward 
advanced degrees, and, in May 1960, some 40 visiting 
investigators, mainly employees of industry on a train- 
ing basis, were also engaged in research in the Institute. 
There are 11 divisions of the Institute; the main prob- 
lems conducted in each as of September 1960, are listed 
below. 

First division. Zymomycology. Professor Kk. Kitahara, 
director, who in 1960 received the Prize of the Japan 
Academy for his outstanding work on racemases of 
the lactic acid bacteria. Nutrition of hiochi lactic acid 
bacteria; fermentative utilization of xylans; ‘‘trans- 
crystallization” of a 50% suspension of ammonium 
fumarate to crystalline aspartic acid by strains of 
Escherichia coli; filament formation by vitamin B- 
deficient cells of Lactobacillus bifidus; fermentative pro- 
duction of b-lactic acid from glucose by Rhizopus oryzae. 

Second division. Genetics. Professor Y. Ikeda, director. 
Improvement of technologically important strains of 
proteolytic and saccharifying organisms by mutations, 
genetic recombination, and heterocaryosis; transfor- 
mation and transduction approaches to the genetic 
background of amylase formation by Bacillus subtilis; 
parasexual cycle in Aspergillus oryzae; role of p-glutamic 
acid in cell wall synthesis in B. subtilis. 

Third division. Taxonomy and type culture collection. 
Assistant Professor H. lizuka, director. Maintenance 
and delivery of stock cultures; research on classification 
and taxonomy of microorganisms of cereal grains and 
of organisms utilizing petroleum fractions and natural 
gas; also research and taxonomy of organisms carrying 
out steroid oxidations. 

Fourth division. Physiology. Professor T. Asai, di- 
rector. Aerobic bacterial oxidations (Japan Academy 
Prize); direct fermentative production of amino acids; 
fermentative production of isoascorbic acid; fungal re- 
duction of 5-ketogluconic acid to L-idonic acid; micro- 
biological transformation of steroids; bacterial spores; 
microbioassays; red pigment formation by interaction 
of strains of Penicillium and Trichoderma. 

Fifth division. Enzymology. Professor B. Maruo, di- 
rector. Protein synthesis (exocellular amylase) by Ba- 
cillus subtilis; amine factor released from ribonucleic 
acid by ribonuclease and which stimulates amylase 
synthesis; function of exocellular ribonuclease of B. 
subtilis; immunological specificity of mold, bacterial, 
and animal amylases; endoamylase synthesis in cell-free 
extracts of Pseudomonas. 

Professor Y. Sumiki and 
Professor H. Umezawa, directors. Chemical isolation, 


Sixth division. Antibiotics. 


characterization, and structure determination on new 
antibioties. This laboratory works closely with Dr. 
National 
Health in which the new antibiotic screening program 


Umezawa’s laboratory in the 





MICROBIOLOGICAL SCIENCE IN JAPAN 


Institute of 


443 


and animal testing furnish the antibiotic culture fil- 
trates for the chemical program in this division. Main 
emphasis is on antitumor substances: griseolutein, hela- 
mycin, peptimycin, raromycin, blastocidin S (antirice 
blast disease caused by Piricularia oryzae), cytomycin, 
angustmycin. 

Seventh division. Biosynthesis I. Professor H. Tamiya, 
director. Synchronous division of Chlorella ellipsoidea; 
sulfur-containing peptide nucleotide compounds from 
Chlorella; role of sulfur in cell division of Chlorella; 
effect of inhibitors on life cycle of Chlorella. 

Eighth division. Chemistry. Professor K. Tsuda, di- 
rector. Microbiological transformations of steroids: 
conversion of cortisol to prednisolone by Bacillus pul- 
vifaciens; conversion of progesterone to 76, 158-dihy- 
droxyprogesterone; conversion of progesterone to 15- 
hydroxyprogesterone by Helminthosporium sativum. 
Chemistry of steroids: conversion of 4,4-dimethylcho- 
lesterol and lanosterol to 4,4-dimethylcholecalciferol 
and lanocalciferol by photochemical reaction of the 
A*-7-diene; chemistry of the 10-isosteroid group; ring 
inversions and ring transformations of steroids. 

Ninth division. Biophysics. Assistant Professor S. 
Koga, director. Optical studies on unicellular suspen- 
sions; ionic characteristics of unicellular suspensions; 
kinetics of killing by ultraviolet light; automate re- 
cording apparatus for microbial cultures. 

Tenth division. Biosynthesis II. Professor A. Wata- 
nabe, director. Maintenance of stock culture collection 
of algae (500 strains). Physiology and biochemistry of 
algae: nitrogen metabolism especially nitrogen fixation 
by blue-green algae; phycobilin pigment from blue- 
green and red algae; carbohydrates synthesized by 
Hormidium; heterotrophic (dark) cultivation of algae. 

Eleventh division. Bioengineering. Professor Y.Oyama, 
director. Air filtration; oxygen transfer and absorption 
in aerated cultures; microbiological treatments of 
sewage and industrial wastes; agitation of aerobic cul- 
tures. 

Two other places should be mentioned in the category 
of institutes, both playing important roles in algal 
physiology and the development of mass production of 
Chlorella pyrenoidosa. Japan, preoccupied with the prob- 
lem of feeding its high density population, is more ad- 
vanced than any other nation in respect to evaluating 
the use of dried algae as a proteinaceous and vitamin 
supplement to various staple dishes. Certain kinds of 
food algae appeal to the Japanese palate and are com- 
mercially farmed in the ocean coastal regions; also, 
intensive efforts are made to produce Chlorella under 
semicontrolled conditions. Basic research on algal physi- 
ology has been and is still conducted by Dr. H. Tamiya 
in the Tokugawa Institute for Biological Research, a 
famous private institute in which basic research in 
is conducted. Technological 
study and semilarge scale commercial production of 


several areas of biology 
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Chlorella are underway at the Microalgae Research 
Institute of Japan in a suburb of Tokyo. This institute 
was established with government funds but is now 
self-supporting from the sale of some 500 kg monthly 
of dried Chlorella grown continuously with natural 
illumination by the “open circulation system.” This 
factory consists of nine open air, circular sweep, shallow 
concrete tanks 20 meters in diameter, with a liquid 
depth of 10 cm. A significant part of the output is used 
to prepare an extract of Chlorella which is sold to 
companies producing yogurt. The algae extract is said 
to stimulate greatly the rate of the bacterial fermen- 
tation and reduce production costs correspondingly. 


FOUNDATIONS 


As indicated previously, the great bulk of support for 
basic research in Japan depends on government funds. 
Private foundations do assist to some extent. For ex- 
ample, in 1959 the Rockefeller Foundation awarded 
nine research grants totaling $356,600 to various insti- 
tutions and laboratories in Japan, several of which are 
directly concerned with microbiology. Of particular 
interest to microbiologists is the support of basic re- 
search by two private foundations, the funds of which 
are derived exclusively from the royalty income from 
licenses to industry for the production of fermentation 
products. The Waksman Foundation of Japan supports 
several fellowships in microbiological science each year 
from the income from streptomycin patents in Japan. 
An important new development for Japanese micro- 
biology took place in 1959 with the establishment of 
the Microbial Chemistry Research Foundation with 
royalty income from worldwide sales of the antibiotic 
kanamycin under Dr. Hamao Umezawa’s (National 
Institute of Health and Tokyo University) patent. 
These funds will enable construction and equipment of 
a new modern research institute, together with pilot 
plant fermentation and chemical facilities, and are ex- 
pected to support broad research training and edu- 
‘ational progress in various aspects of microbiology. 
Dr. Umezawa will be the scientific director of the 
Foundation, the directors of which comprise repre- 
sentatives of universities, government, and industry. 
Construction of the building is scheduled to begin in 
1961 in Tokyo. 

Srock CULTURE COLLECTIONS 

There are several major collections of microorganisms 
in Japan which maintain type cultures and function as 
distribution centers for stocks. The Institute for Fer- 
mentation, affiliated with Takeda Pharmaceutical Com- 
pany, Ltd., in Osaka, is an agency of the World Health 
Organization and distributes cultures upon request, 
free of charge. Its 1956 catalogue lists 1,303 molds, 
474 wild yeasts, 280 technological yeasts, 81 actino- 
mycetes, 239 bacteria, and 14 protozoa. The culture 
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collection of algae and other microorganisms { the 
Institute of Applied Microbiology is made ay ilable 
through a foundation associated with the Insti: ie for 
that purpose. In April 1960, this collection co: :sisted 
of 2,538 strains of fungi, 687 bacteria, 878 yeas <, and 
398 actinomycetes. During calendar 1959, the collec. 
tion furnished 2,430 cultures to laboratories in Japan 


and 152 to foreign laboratories. Organisms particularly 
related to technological fields are also distributed from 
the collections of the Nagao Institute (Tokyo), 
private foundation, and from the Department of Fer- 
mentation Technology, Osaka University. An exten- 
sive collection of brewing yeasts is maintained in the 
Department of Fermentation Technology, Hiroshima 
University. A large collection of yeasts and fungi 
isolated from fruits and foods is kept by Dr. Y. Sasaki, 
Department of Agricultural Chemistry, Hokkaido Uni- 
versity. Organisms of human pathogenic significance 
are stocked at the Institute for Infectious Diseases, 
Tokyo University. Apparently no major collections 
of protozoa, viruses, or tissue cultures are established 
as centers for the purpose of distributing stocks. 


INDUSTRIAL MICROBIOLOGY 


As implied earlier in this report, the amount, variety, 
and quality of microbiological research conducted by 
industry in Japan are very impressive. Noted already 
has been the excellence of the buildings, facilities, 
and staffs in many industrial companies which may be 
highly competitive, and yet which manage to live to- 
gether in periods of microbiological crisis, such as by 
agreeing to production quotas during periods of na- 
tional overproduction of penicillin. One of the most 
striking postwar developments has been the evolution 
in Many companies of teams of specialists and first 
class pilot plant facilities capable of improving and 
carrying new microbiological reactions to large scale 
production efficiently and in a relatively short time. 
This type of coordinated research embodying the 
integrated activities of a variety of technological 
specialties was virtually unknown in Japan prior to 
the postwar era. Several of the larger companies support 
separately organized laboratories as nonprofit append- 
ages. Two outstanding illustrations are the Takeda 
Research Institute, affiliated with Takeda Pharm- 
aceutical Industries, Ltd., in Osaka, and the Noda 
Institute for Scientific Research, affiliated with Noda 
Shoyu Company, in Chiba Prefecture. 

The vigor of industrial microbiology in Japan, 
especially in antibiotics, which, of course, with the 
exception of beverages and solvents, is by far the 
major single aspect of the industry, derives in sub- 
stantial part from transfusions from American com- 
panies. Over the past 10 years, development of foreign 
manufacturing subsidiaries has been a major trend ol 
American companies. Access to expanded markets and 
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profits, better even than from a corresponding capital 
investment in the United States, has accelerated this 
yend. Earlier mention was made of the licensing of 
Japanese companies to produce under American pat- 
ets. Invariably, a license results in an intimate rela- 
“jon between the companies concerned. The complexity 
of a modern fermentation process for the industrial 
manufacture of an antibiotic being what it is, licensing 
arrangments invariably include technical engineering, 
microbiological and chemical instruction, and trouble- 
shooting services in fulfillment of contractual agree- 
ments to have the Japanese factory operating at a 
predetermined efficiency. These things usually require 
the sending back and forth of teams of American and 
Japanese specialists among their employers’ factories. 
Usually, contractual provision is made for continuing 
exchange of improvements in processes as they are 
made subsequently in both companies. Fundamentally, 
all commercial aerobic fermentations are alike in equip- 
ment, design, and operation. In consequence, acquisi- 
tin of knowhow of one process is tantamount to 
manufacturing competence in the entire field, and 
success in One product soon leads to eager independent 
exploration in other directions. Coming to maturity 
rather late on the modern industrial fermentation scene, 
many Japanese companies have elected to acquire 
licensed knowhow for the manufacture of the older 
antibiotics, and it is not unusual to find one Japanese 
company with license arrangements for different prod- 
ucts with several American companies. Most often these 
arrangements are simple royalty agreements. However, 
insome cases, jointly owned new subsidiary companies 
are formed with the capital investment and manage- 
ment from the American and Japanese co-owners. 
Certain notable instances illustrate that Japanese 
companies have proved to be apt students. For ex- 
ample, under American patents, dihydrostreptomycin 
isproduced by chemical hydrogenation of streptomycin. 
One Japanese company discovered and manufactures 
dihydrostreptomycin by direct fermentation. Another 
company circumnavigated the same patents by dis- 
covering and producing deoxystreptomycin by direct 
fermentation. This product is said to be at least equiva- 
lent clinically to streptomycin or dihydrostreptomycin. 
Another case in point is steroid oxidation, in which 
Japanese companies succeeded in obtaining bacterial 
desaturation of ring A of cortisone and hydrocortisone 
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‘0 form prednisone and prednisolone, thereby eluding 
American patents covering the same transformation. 
Jn one case, the rather extraordinary achievement was 
made whereby a suspension of crystalline substrate 
teroid in a concentration of 50 g per 100 ml of medium 
‘an be bacterially tranformed to 50 g of crystalline 
product in 2 days. The term “pseudocrystalline fer- 
Nentation’? is used to describe this conversion (see 
‘transcrystallization” of ammonium fumarate). 
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The prowess of Japanese microbiology has not gone 
unnoticed by Asian nations. The Russians have re- 
cently sent a microbiological mission to Japan and, in 
exchange, a group of Japanese scientists will go to 
Moscow. Pakistan has contracted with Kaken Chemi- 
‘al Company, Ltd., Tokyo, one of Japan’s leading 
industrial fermentation companies, for the design, 
construction, and start-up of a new streptomycin 
fermentation plant. 

Allusion has already been made to the American 
acknowledgment in the key phase of new antibiotic 
discoveries, namely, screening in its broadest sense. 
Awareness of another important aspect of screening in 
Japan—its surprisingly low cost compared to screening 
in the United States—is already becoming widespread. 
The apparent competence of the Japanese in turning 
up new antibiotics by systematic screening, coupled 
with the costly constant drain on research budgets of 
American companies for screening programs that have 
had less than spectacular success, has led to a system of 
“farming out,’ whereby screening is conducted in 
Japanese laboratories under contract with American 
companies who pay all or most of the operating costs. 
A typical arrangement might specify that patent 
rights in Japan to any commercial process resulting 
from this “‘partnership” are vested in the Japanese 
laboratory, whereas rights in the United States would 
be assigned to the American company. At least one 
prominent American pharmaceutical-manufacturing 
company has discontinued its own screening and relies 
entirely on the program it supports in Japan. A new 
antibiotic, antimicrobial or anticancer, is brought 
through the mouse toxicity and the curative or tissue 
culture tests in the Japanese laboratories; the sub- 
sequent development work is done in the American 
company. The tremendous cost of such programs in 
the United States almost certainly will turn other 
American companies to examining the potentials of 
the Japanese ‘‘farm system.” 

The situation is ideal for this rapport for a reason 
other than the compelling fact of research economy 
that one United States dollar will screen five to ten 
times as many cultures in Japan as it will in the United’ 
States. There is also the desperate shortage in Japan 
of research funds and laboratory support which causes 
many excellent researchers in various nonindustrial 
laboratories to be found hungering for support which is 
unattainable from Japanese sources. Thus, financial 
support is now given by American companies to anti- 
biotic research in several university and _ institute 
laboratories in Japan. Contractual or not, this support 
implies that the supporting company receives a favored 
position with respect to information obtained and to any 
commercially useful results. But the conduct and direc- 
tion of research are solely those of the responsible 
investigator. 
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Until Japanese sources of research support are forth- 
coming on a much larger scale than presently—an 
unlikely prospect—modest American funds of the type 
described are having an increasing impact on antibiotic 
and microbiological research in Japan. The reason is 
that screening in Japanese laboratories is much more 
than a unidirectional, unswerving pursuit of new, 
useful drugs. Their habit in Japan, it seems to me, is to 
consider screening not as a streamlined mechanical 
operation, but as research problems in techniques, 
microorganisms, and chemistry. Screening is undertaken 
comprehensively, and fans out in the directions of 
interest to the chief investigator. This scientifically 
productive approach undoubtedly also is an important 
factor in the discovery of new antibiotics. Several 
American friends have inquired about the secret of the 
success of the Japanese in uncovering new antibiotics. 
To furnish a complete answer to this question un- 
doubtedly would require an astuteness greater than 
any one person has, but I think a good part of the 
answer is to be found somewhere in the foregoing 
consideration. The fixity of purpose which obviously 
must guide an industrial screening program evidently 
is not felt by noncommercial screening laboratories 
which, in the aggregate, bring flexibility and the origi- 
nality and imagination of many individuals working 
independently and uninfluenced by one another. Es- 
sentially, the answer is to be found in the greater 
variety of means and ends in the noncommercial 
laboratories. 

It may be noted that, in the United States, systematic 
antibiotic screening research is conducted in very few 
noncommercial laboratories and in practically no uni- 
versity laboratories. As subjects for professorial re- 
search and graduate student dissertations, this research 
has fallen into disrepute and become out of vogue; uni- 
versities have defaulted to industry in this area. In 
Japan the situation is reversed. True, the pharma- 
ceutical industries there conduct extensive antibiotic 
screening programs, but so do several nonindustrial 
laboratories, and the latter have been conspicuous 
for the leadership in new antibiotic research in that 
country, a fact readily acknowledged by researchers 
in industry . 


ASSOCIATIONS 


Companies with common interests in commercially 
important fields are usually allied through member- 
ship in “associations.”” Among the major associations 
in the microbiological realm are the Japan Penicillin 
Manufacturers Association, the Japan Antibiotics Re- 
search Association, The Fermentation Association, and 
the newly formed Association of Amino Acid Fer- 
mentation. These associations meet periodically, usually 
monthly, for the purpose of exchanging information 
on problems of mutual concern and for the presentation 
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of scientific reports in formal sessions. Mem! 'rship js 
composed largely of industrial scientists, bu‘ also in- 


: ; oe A com 
cludes persons from government, universities, : 11d othey | 


laboratory institutions. These associations sponsor — 
symposia and publications in their specializcd fields 
Some details about the important and _ ii fluentia) 
Japan Antibiotics Research Association are warranted 
since it has such a vital function in microbiological. 
science in Japan and illustrates the nature of the many ole 
associations. This organization has its own office build. payne 
ing (a converted dwelling) in Shinagawa-ku, Tokyo, 
There is a staff of eight, headed by an exceptionally 
able permanent managing director, Dr. Y. Yagisawa, 
who has held this office since the inception of the Ass.) ... 
ciation in 1946. It is supported by levies assessed pri a 
rata, according to the antibiotic sales of the respectiy parte 
companies. This office edits the Japanese (Series B were 
and the English (Series A) editions of the Journal (| 
Antibiotics. It functions as a clearing house for the) . 
dissemination of information to members, such as thy pend ar 
changing government regulations covering antibiotics, “weigt oy 
and it usually is the spokesman and go-between for the -~ - . 
industry and the various agencies of the Ministry ll _ 
Public Health and Welfare. It publishes news of ition ond 
terest to the membership about developments, events Dr x I: 
individuals, and organizations concerned with antibiotid sen 
science and medicine. It also plays an important role S ors a 
publishing popular articles about antibiotics in the la pee ton 
press, and in providing information for writers, te 
porters, and so forth. The Association also provides 
members, upon request, title and literature surveys o1 Bhiosvnth 
any subject related directly or indirectly to antibiotics Desiitute 
An enormous card file of literature abstracts, cS 
indexed by subject and by authors, has been compiled) Hokka 
Every article related to antibiotics is abstracted from lca 
400 different Japanese periodicals and 150 foreigi Bing: " 
journals which are received regularly either on sul a 
scription or on an exchange basis. The title of every o1 ‘boflavir 
of these articles, including patents, is published in thi eel ie 
Journal of Antibiotics, Series B. For example, thi a 
lebruary and the June 1960 issues listed, respectivel) ey 
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341 and 310 current references. This source is the mos linaie 
complete published bibliography of antibiotic literatur sntibiotj 
in the world. sen: ele 

The managing director advises the members we 
matters of policy and administrates patents for unl a K 
versity professors and others from nonindustrial lab} Salis 
oratories. In the event of royalties, 50% reverts to th ee 
inventor, 25% is set aside for support of basic researc! ot Ps 
in nonprofit laboratories, and 10% for administratinG cohani 
costs in connection with the patent. In instances @ ‘es 
large royalty income, 15% is set aside to accumulal? Osalia 
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OTHER MIcROBIAL RESEARCH 


A complete picture of microbiological research in 
academic institutions in Japan must include at least 
eyveral other places. The following list is not complete, 
but includes most of the important laboratories. 

Tokyo University. Department of Agricultural Chem- 
istry, Laboratory of Fermentation Technology, Pro- 
Yamada. dextrinizing a- 
amylase and saccharogenic amylase from submerged 


fessor Ix. Acid-resistant 


cultures of Aspergillus awamori; influence of physical 
‘environment on morphogenesis of submerged mold 
mycelium; oxygen transfer in submerged cultures; 
facid-resistant lipase from Penicillium sp.; chemical 
I differences between young and wood-aged whiskies. 


‘Laboratory of Microbiology, Professor KK. Arima. 
| Hiochi (mevalonic) acid and its role in lipid metabolism; 
Imicrobial degradation of aromatic compounds; pep- 
|tidases and proteinases; D-amino acid oxidation; amino 
lacid production ; allo-isocitric acid fermentation ; mecha- 
i 


ition of dipicolinic acid. 


nisms of drug resistance in bacteria; bacterial degrada- 
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Tohoku University, Sendai. Department of Bac- 
teriology, Faculty of Medicine, Dr. M. Kuroya. Isola- 
tion and biochemistry of Bacillus pertussis endotoxin. 
§Dr. N. Ishida. Anticancer antibiotic screening, carzino- 
‘statin most promising, active against several kinds of 
solid tumors by all routes except oral. Department of 
Agricultural Chemistry, Faculty of Agriculture, Pro- 


Hiessor T. Uemura. Ecology of sake flora; soil micro- 


‘biology; excretion of nucleic acid by yeasts; bacterial 
biosynthesis of isoleucine from a-aminobutyric acid. 
Institute of Agricultural Microbiology, Professor C. 
“furusaka. Soil microbiology, microbial ecology. 
Hokkaido University, Sapporo. Department of Agri- 
cultural Chemistry, Professor T. Sasaki. Taxonomy of 
fungi; ecology and classification of yeasts; aerobic 
production of gluconic acid by species of Candida; 
Riboflavin formation by strains of Candida robusta; 
survey of aerobic carbohydrate metabolism of new yeast 
isolates. 

Niigata University, Niigata. Department of Bac- 
Meriology, Faculty of Medicine, Professor T. Ito. New 
| patibiotic screening against medical and plant patho- 
pens; classification of actinomycetes. Department of 
Agricultural Chemistry, Faculty of Agriculture, Pro- 
lessor KX. Tamari. Biochemical basis of rice blast disease ; 
-picolinie acid from germinating spores of Piricularia 
prijzae; 





isolation and characterization of piricularin, a 





oxin for plants with antioxidase enzyme activity; 
echanisms of plant resistance to piricularin, e.g., 
Phlorogenic acid. 
@ Osaka City University, Osaka. Department of Bac- 
#eriology, Faculty of Medicine, Professor S. Otani. 
Biochemistry of gramicidin J, including biosynthesis 
(@nd mechanisms; biochemical aspects of sporulation in 
Bpecics of Bacillus. 
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Kyoto University, Kyoto. Department of Agricultural 
Chemistry, Professor H. Katagiri. Biosynthesis of 
riboflavin; transglycosidations by flavin enzymes; en- 
zyme group transfer in microorganisms; fermentative 
production of L-malic acid from glucose by Aspergillus 
oryzae (55.% weight yield); aerobic acetone-butanol 
production by mutant strains of Clostridium aceto- 
butylicum; oxidative production of pyruvic and a- 
ketoglutaric acids from glucose by Escherichia coli; 
carbon dioxide assimilation by Thiobacillus thiooxidans; 
energy transfer during oxidation of elemental sulfur; 
mechanisms of synthesis in amino acid direct fermenta- 
tions. 

Tokushima University, Tokushima. Faculty of Medi- 
cine, Department of Bacteriology, Professor N. Yoneda 
and Assistant Professor T. Hashimoto. Electron mi- 
croscopy of bacterial spores; mechanisms of spore forma- 
tion and heat resistance. 

Chiba University, Chiba. Institute of Food Micro- 
biology, Dr. T. Yanagita. Biochemical aspects of 
conidiospore germination; choline sulfate in conid- 
iospores; halophilic microorganisms. Dr. T. Arai. Anti- 
‘ancer antibiotic screening. 

Osaka University, Osaka. Department of Fermenta- 
tion Technology, Professor G. Terui. Bioengineering; 
citric acid formation in submerged Aspergillis niger 
cultures; germination of conidiospores. Professor 8. 
Teramoto. Oxidative fermentations; glutamic acid bio- 
engineering; special aspects of shéyu brewing. 

Kagoshima University, Kagoshima. Professor M. 
Kanie. Mechanism of lactic and fumaric acid formation 
by fungi. 

Osaka University, Research Institute for Microbial 
Diseases. Chemotherapy Section, Dr. J. Kamamato. 
Mechanisms of action of actinomycins. Bacteriology 
Section, Dr. M. Yoneda. Iron and toxin production 
by Corynebacter diphtheriae; immunochemistry of ex- 
tracellular proteins of Mycobacterium tuberculosis; 
impermeability barrier, acid-fastness, and biochemistry 
of bacterial spores. 

Kyushu University, Fukuoka. Department of Agricul- 
tural Chemistry, Professors I. Yamasaki and M. Hongo. 
Acetone-butanol fermentation, high butanol-acetone 
ratio strains; amylases for raw starch. 

Although conducted in an industry-affiliated lab- 
oratory, namely, the Takeda Institute for Fermenta- 
tion, Osaka, there should be mentioned the 20-year 
investigation by Dr. M. Abe of the biosynthesis of 
ergot alkaloids in pure cultures of species of the mold 
Claviceps. 


Masor FRONTS 


Thanks to the names Kitasato, Shiga, Hata, and 
Noguchi, the first strength of experimental microbiology 
in Japan came through the medical area in the early 
1900’s. Today the strength is unquestionably con- 
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centrated in the applied and technological area, ex- 
emplified by antibiotics, amino acids, hydrolytic en- 
zymes, and food algae. Japan can well claim leadership 
in these particular fields at the present time, and, from 
the impressive amount of research on other micro- 
biological topics, it would not be surprising if the list is 
extended in the near future. Certainly, if a new field 
of application is portended by any particular experi- 
mental developments, a number of competent lab- 
oratories are literally poised to exploit the subject 
matter. The prominent competitive spirit which is 
felt widely ensures a multipronged attack on the sub- 
ject with dispatch. 

1) Antibiotics. Two well-defined directions have be- 
come apparent. One is the search for anticancer agents. 
This effort seems to be something of a national objective. 
New agents are discovered with encouraging frequency 
in the screening programs discussed earlier in this re- 
port. Thereafter, chance determines the toxicity, 
efficacy, and usefulness of the compounds. In the early 
days, claims for remarkable successes with certain 
antibiotics proved to be premature and unverifiable 
in other countries. However, antibiotic science in the 
laboratory and in the clinic today in Japan is as dis- 
criminating as it is anywhere, and the description of 
new anticancer agents is apt to be conservative and 
based on adequately controlled experimental evalua- 
tion. A governmental committee evaluates new anti- 
biotics in a manner analogous to the governmental 
committees in the United States. When signal promise is 
indicated, almost certainly it will be learned in the 
United States, if for no other reason than that many of 
the major laboratories, especially the industrial, have 
tie-ins with United States companies, as described 
earlier. 

The second major antibiotic effort is directed to the 
control of crop diseases in practical agriculture. A 
major breakthrough appears to have been achieved 
recently in the protection of the rice plant against 
damage by the rice blast fungus, Pzricularia oryzae. 
This pathogen is airborne and infects stems, leaves, and 
inflorescences of the rice plant. Blasticidin S, an anti- 
biotic produced by Streptomyces griseochromogenes, is a 
very effective inhibitor of P. oryzae. It was discovered 
in the Department of Agricultural Chemistry, Tokyo 
University, and process patents are held by Professors 
Y. Sumiki and H. Umezawa. In the summer of 1960, 
some 40 field experiments on the control of the disease 
under practical farm conditions were conducted in 
many sections of Japan. Depending on the locality and 
the year, rice blast causes from 3 to 10% loss in rice 
yields. These field trials were supervised by the National 
Institute of Agricultural Science (equivalent to the 
Department of Agriculture in the United States). 
Private farms were used and the plants cultivated by 
the farm owners in the usual way. I inspected one of 
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the field experiments just prior to harvest. Th resys 


of this experiment were striking. The trea‘ -d plots 


had virtually no infection whereas control \ itreated 
plots had a very significant incidence of infe tion, 
revealed by a complex scoring system base! on ¢. 
amination of a large number of individual ric plants 
Blasticidin S$ is applied as an emulsion spray thry 
times during the growing season. Effective inhibiton 
concentration in solution is 10 to 20 ppm of ihe anti 
biotic. In efficacious concentrations, the antibiotic tse 
does not reduce the yield of rice, nor is the antibiotj 
translocated to the grain. 


Equally as important as the control achieved undel. 


field conditions is the indication that blasticidin § cay 
be manufactured commercially and sold at a Dri 
practical for the agricultural economy in Japan. Thy 
fungicide employed in recent years for rice blast j 


phenylmercuric acetate. Because of the accumulatia}/ 


of residual mercury in soils, the government hy 
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announced a ban on the use of mercury fungicides {y 
rice, and blasticidin S is the most promising candidat! 


for its successor. Cost projection based on large scal/ 
production of blasticidin S indicates that the agricul! 


tural product will sell for approximately the same «| 


the mercury fungicide, i.e., about 10 yen (2.8 cents 
per g of 0.2% agricultural powder. The low cost ¢ 


blasticidin S is ascribable to the relatively high cw! 


rent yield, 3 g per liter of broth in 4 days, and th 


simplicity of the purification process. It is sold as thy 
hydrochloride salt. Improvements in the process ar] 


expected and the chemical constitution of blasticidi 
S is under study. The antibiotic is a water-soluble bay 


with an empirical composition of Cy,HooOsN¢. The 


molecule contains cytosine. In 1961 it is expected thi 
10 tons of pure blasticidin 8 will be manufactured fe 
agricultural use, and in 1963 or 1964, 30 tons, th 
estimated total annual requirement for the countn 
Larger production is envisioned for export to tl 
southeast Asian countries. 

The bright promise for blasticidin S 
agriculture has evoked incentive for screening pr 
other useful in agriculture 
Blasticidin S may well be only a forerunner. The bul! 
of the royalties expected to accrue from the com 
mercialization of blasticidin 8 will be used to promot 
basic research in this field in a new research institut 

2) Amino acid fermentations. Japan’s leadership i 
this field is acknowledged. The industrialization | 
bacterial glutamic acid production was initiated |) 
Dr. S. Kinoshita in Kyowa Fermentation Compan\ 
Ltd.; in 1960, he received the Prime Minister’s Pri 
for this contribution to Japan’s economy. The bacter! 
process gives a 50% yield of u-glutamic acid fr0 
sugar in about 2 days. The principal use of monosoditl 
glutamate is as a flavor-enhancing agent for vari0 
foods. In the Orient, the trade name ‘Ajinomoto’ 
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results practically the common word for monosodium glu- 
plots tamate; in the United States, the popular trade name 
‘treated * “Secent.” 

(100, af The success of fermentation glutamic acid has 
ON CB enerated a lively research interest in the microbio- 
Plants ‘logical production of a second important flavor and 
y three Haste chemical for the Japanese palate. Inosinic acid, a 
hibiton jmononucleotide derived from adenylie acid, was iso- 
he ati ated and identified in 1913 by Kodama as the major 
nae itself paste component of ‘“‘katsuobushi,” a favorite dried 
ntibiotif una fish. Its commercial manufacture from dried 
iveast nucleic acid was recently announced by two 
Japanese companies. The lure of direct fermentative 
synthesis of inosinic acid is responsible for micro- 
biological screening programs in several places. Inosinic 
acid combined in a proportion of 1 to 10-40 parts of 
monosodium glutamate is said to represent a very 
desirable seasoning. 

The glutamic acid fermentation spurred research 
which has resulted in a number of one or two step 
microbial processes for commercially important yields 
ff other amino acids. Attention is currently directed 
to developing industrially useful fermentations for the 
production of each of the amino acids essential for 
mammalian growth. Lysine, produced by a mutant 
, Atrain of the glutamic acid bacterium, is, like glutamic 
igh A a itself, already in commercial production in the 
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and tinited States, under license from the Japanese patent. 
id as ti ‘The low cost fermentative production of L-glutamic 
CeSS ale 


acid has directed attention to the potentially enormous 
itilization of this and other amino acids as industrial 
ble bas{fhemicals. Particular interest is being shown in the 
Ns. TM clymerization of glutamic acid or alanine to fibers 
‘ted tha for textiles. In Japan, as well as in Western countries, 
tured fitlose research rapport is being maintained between the 
ons, th arger synthetic fiber companies and the major sup- 
liers of fermentation glutamic acid. A practical de- 
sea of this kind would usher in a tremendous 
hew era for fermentation technology in Japan. 
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prac] 3) Hydrolytic enzymes. This subject has always 
in P"Joomed large in technological microbiology because of 


ricultuny 
The bull 
he con! 
promo 


he cardinal role these enzymes play in saccharifica- 
ion for the industrial alcohol and beverage fermenta- 
ions, particularly sake. In addition, the vital function 
Mf proteolytic enzymes in the shdyu and miso fermenta- 
ions helps explain the interest in these enzymes. 
‘dji, the traditional molded rice of the Orient, repre- 
nts an accumulation of hydrolytic enzymes in a mass 
f moist cereal bran cultured with Aspergillus oryzae. 
he world-famous ‘“‘Takadiastase,” a partly purified 
meentrate extracted from /6j7-like cultures, is still 
1 important commercial product employed in in- 
ustry and sold as a digestive aid in Japan. The 
apaiese have demonstrated skill in erystallizing a 
reat many hydrolytic enzymes, including nucleases; 
id the factors controlling synthesis of these enzymes, 
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and the search for new enzymes with particular prop- 
erties suiting them for specialized functions, are fields 
in which impressive progress is being made. 

4) Mass cultivation of food algae. This subject has 
already been discussed. 


SCIENTIFIC LITERATURE 


The tremendous amount of microbiological activity 
in Japan inexorably expresses itself in publications. 
The major microbiological publications from Western 
countries are widely found in university and institute 
libraries in Japan, so access to foreign literature is no 
problem. As mentioned earlier, facility with English is 
common among professional scientists, especially read- 
ing facility. 

However, the reverse, namely, communication of 
Japanese research to the occidental world, is seriously 
hampered by the language problem. Of course, to the 
occidental way of thinking, the most practical solution 
to this problem is for Japanese scientists to publish in 
English. Unquestionably, there is a definite trend in 
this direction, but only a small fraction of all of the 
Japanese microbiological literature appears in English. 
This is true in spite of the universal aspiration of 
Japanese scientists to have their works known to their 
Western contemporaries, and to be recognized by them. 
This attitude I found to be virtually a national charac- 
teristic. It is also true that in recent years there has 
occurred a noticeable increase in Japanese-authored 
papers in American journals. 

The main reason for this publication problem ob- 
viously is the inability to write in English. It is un- 
likely that this situation will change appreciably in 
this or even the next generation. And yet, a vast 
amount of important microbiological literature is pub- 
lished in innumerable Japanese language journals. 
This log jam is about to be broken. 

The United States National Science Foundation 
has recently stationed two scientific representatives 
in the American Embassy in Tokyo. In cooperation 
with the Science Attaché, they handle all interests 
of the National Science Foundation in Japan, among 
which is the selection of Japanese science literature: 
for translation. This will include microbiological science, 
and a program is being developed for the publication of 
the English translations. In some respects, this program 
is comparable to American efforts to cope with the 
Russian literature of science. 

Nevertheless, it should be emphasized that Japanese 
scientists have made admirable progress in publishing 
in English many excellent journals with microbiological 
content. Incongruously, most of these are more widely 
circulated and better known in Japan than they are 
in Western countries. There are two reasons for this. 
First, English journals originating in Japan are not 
advertised and have not heretofore been widely es- 
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teemed in Western libraries for the importance and 
quality of their content. Second, there is the common 
practice for the individual faculties and institutes to 
publish regularly English language journals or bulletins 
representing the collected scientific contributions of 


only the members of those organizations. In fact, in 
most such places, publication in the institutional 
organ is mandatory. This is the usual practice of re- 
search institutes, college faculties, and industrial com- 
panies alike, and in the aggregate comprises an im- 
pressive volume and variety of papers. Moreover, 
practically all of these journals are distributed free 
to foreign individuals and libraries. Just how the 
mailing lists for these periodicals are made up is 
difficult to ascertain, but usually the lists contain an 
arbitrary selection of individuals who are noteworthy 
in the particular fields or who have personal or pro- 
fessional contacts with the staff members at the source. 
When applicable, an exchange of periodicals is solicited 
on a reciprocal basis. Unfortunately, this system is 
little more than a private circulation and does not 
reach a large circle of potentially interested readers. 
The Journal of General and Applied Microbiology is 
regularly mailed to 600 addresses abroad. 

The problem of communications is highlighted, for 
example, by the absence of the very excellent English 
issue (Series A) of the Journal of Antibiotics from many 
American college libraries. Actually, there are only 220 
addresses to which this outstanding journal is mailed 
outside Japan, 100 paid and 120 gift subscriptions. 
Also, I was somewhat chagrined to discover the ex- 
istence, only after I arrived in Japan, of the excellent 
English-printed Japan Journal of Microbiology, the 
organ of the Japan Bacteriological Society. Un- 
doubtedly, a great many Western scientists and stu- 
dents would desire the contents of numerous English 
language Japanese journals and would undertake to 
arrange their delivery, at least to their own libraries, 
if they were aware of the existence of these journals. 
An important service would be filled if a list of all 
English language journals with microbiological content 
published in Japan were made available to Western 
scientists, such as through publication in Science and 
in Nature. 

Another conspicuous gap: the strength and the 
impact of modern Japanese microbiology, both basic 
and applied, imply that the Japanese approaches and 
points of view would be valuable source material for 
Western science. At least, the Japanese certainly de- 
serve to be heard. Their versions of the field, and 
particularly the basic treatises on characteristically 
Japanese microbiological practices, would be valuable 
for Western specialists and graduate students. In 
spite of their acknowledged prowess in microbial arts, 


sciences, and technology, not a single Japanese reference 
or textbook has been made available to Western 
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microbiology through English translation. A nu aber of f recogniz« 
authoritative works in the field should be pub’ shed jy § today 2s 
English editions and distributed through A uerjcay fin the « 
publishers, whose efficiency in getting books to the medicine 
attention of interested persons is well-known. gether W 

A large majority of the journals and _ bulicting jy Bin institi 
Japan dealing with microbiological science and (echnol.f microbio 
ogy is, as mentioned, essentially collections ©! works) conscious 
performed in the respective organizations, and pub.{) microbe, 
lished by those organizations. Another large fraction off accountit 
scientific papers appears in association-sponsored pub. biologica 
lications. Both practices conduce a continuation of the} And it 
parochialism already described for Japanese micro.[ tion of r¢ 
biology. An important salutory influence on miecr.fonly beg 
biological science in Japan would be the wider practice} technolos 
of publication of journals sponsored and published by 
academic or professional societies, containing varied 
basic research papers and open to individuals from an 
laboratory. The quality of the contribution would ly 
the main criterion for acceptance, this being determined 
in the best-known method for accomplishing it, namely, 
through boards of competent editors. Such a systen 
would aid substantially in counterbalancing the spe. 
cialized, vocational, and technological complexion ol} 





Japanese microbiological science today. 


ScIENCE NEWS 


In Japan the lay press is very conscious of science 
newsworthy developments in microbiology receive thei 
share of publicity, and readers their information. Thi 
incidence of science news in the daily newspaper 
perhaps exceeds the coverage in the American pres 
and weekly and monthly magazines include even 
imaginable phase of science and technology. One out 
standing publication of the later kind is a counterpar' 
of the Scientific Monthly, namely, the Asahi Scieno 
Monthly. Others are Nature, Science, and Scien 
Graphic. Not only do these enjoy wide popular circul:- 
tion, but they are extensively used in the primar 
schools. 

The quality of the science coverage in the daily prey 
is evidenced by the staff of the science section of thi? 


Asahi Shimbum, the largest and most influential dail) 
newspaper in Japan. The morning daily circulation (7 
the paper is 4 million, the evening, 3 million, and « j 
English edition is also printed. This staff is comprised i 
five reporters, all college-trained with science majo) 





PERSPECTIVE 


In spite of the impediments of compartmentalizatii 
in training and research, and of the accent on pr 
grammatic and vocational aspects, microbiology | 
Japan has prestige as an independent science. !¥ 
attitudes, education, research, and technology, it li 
its position of equality and respect in the front line @ 
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recognized professions. As a profession, it is regarded 
today as an end in itself and not, as is often the case 
in the occidental world, simply a handmaiden to 
medicine, Chemistry, and biology. These factors, to- 
gether with the organization of microbiological science 
in institutes, conduce an orientation to an image of 
microbiology as a profession and a science; added to the 


Fconscious mobilization for the exploitation of the 
‘microbe, these give one an appreciation of the forces 
haccounting for the size, strength, and vigor of micro- 


biological science in Japan today. 

And it must be said that the situation is a founda- 
tion of recent fabrication, the full impact of which has 
only begun to assert itself. The emphasis is mainly 
technological, because of its present fruitfulness and 


| 


prised | 


» majon| 


alizatio 
on pli 


ology I 


ence. F 


Vv; it hi 


} 


nt line 





the scarcity of funds for support of basic microbio- 
logical research. In the long run, success in technology 
depends on the discoveries of the independent funda- 
mental researcher and on the flow of persons trained 
in breadth from the universities. The need for greatly 
increased financial support for both of these inter- 
dependent aspects on a broader base throughout 
the colleges and universities of Japan is becoming 
increasingly critical. 
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ABSTRACT 


Evuiott, R. Paut (U.S. Department of Agriculture, 
Albany, Calif.), anp H. Davip MicHENER. Micro- 
biological standards and handling codes for chilled 
and frozen foods. A review. Appl. Microbiol. 9:452-468. 
1961.—The usefulness of microbiological standards for 
frozen foods is now a controversy in the trade and 
scientific literature. Most reviewers have given argu- 
ments both for and against, and have concluded that 
they should be applied with great caution. Such stand- 
ards have the advantage of putting questions of safety 
on a convenient numerical basis. Canadian workers 
have reported that promulgation of standards has 
invariably raised the hygienic level of the products con- 
trolled. 

Bacteriological standards have often been associated 
with the question of safety to the consumer. Everyone 
recognizes that food poisoning bacteria are a potential 
danger in any food. But many have argued that the 
history of food poisoning outbreaks from frozen foods 
is excellent and that there is no need for standards; on 
the other hand, proponents of standards have pointed 
to the incomplete investigation and reporting of 
outbreaks, and have argued that there may be more out- 
breaks than we realize. They have pointed to labora- 
tory studies that have shown grossly mishandled pre- 
cooked frozen foods to be truly dangerous. Some have 
proposed that pathogens should be absent from foods; 
but others have questioned that a microbiological 
standard can accomplish this end. Some pathogens, 
such as Salmonella or Staphylococcus have been shown 
to be so ubiquitous that their presence in some com- 
mercial foods is unavoidable. Also, sampling and ana- 
lytical methods have been described as inadequate to 
guarantee that pathogens present will be detected. Some 
have argued that control at the source is a better way— 
through inspections of the plant operation, by enforce- 
ment of handling codes, or by processing procedures 
such as pasteurization, which would be more certain 
to result in a pathogen-free food. 

1A laboratory of the Western Utilization Research and 


Development Division, Agricultural Research Service, U. 8. 
Department of Agriculture. 


A most important part of any of the proposed stand- 
ards is a “total count” of viable aerobic bacterig 
English workers have found that foods causing poison. 
ing outbreaks usually had total viable counts above 1( 
million per gram. On the other hand, these same worker 
found Salmonella on meats with very low total viable 
count. The assumption by many that low total coun 
indicates safety has been shown to be not always true 
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Furthermore, high counts of nonpathogenic organisms, 
such as psychrophilic saprophytes would have no publi 
health significance. 

The relation between bacterial level and quality i 
open to less controversy. Some authorities have pointed 
to bacterial level as a measure of sanitation, adequacy 
of refrigeration, or speed of handling. Others have ind- 
cated that to determine which of these factors caused 


a high count would be impossible with only a totif” 


count on the product as a guide. Some investigator 
have said a high count affects flavor adversely befor 
actual spoilage is evident, and this may be a factor it 
competition on today’s market. It is well established 
that initial bacterial level will affect the shelf-life of: 


chilled product. Methods of analysis are more near { 


adequate for counts than for pathogens, but they need 
improvement, and should be clearly specified as part 0 
any bacteriological standard. Foods with high coun 
could sometimes be brought into compliance mereli 
by storing them for a sufficient period frozen, or bi 
heating them slightly. This has been cited by soni! 
authors as a disadvantage of bacteriological standard! 
The enterococci and the coliform group (excep! 
Escherichia coli) have been shown to be ubiquitous ant 
therefore should not be used alone to indicate feci 
contamination. Although F. coli has greater significant 
its source should be determined each time it is found. 
Various reviewers have expressed the need for cauti! 





in the application of standards. The principal precal” 


tionary arguments we have found are as follows: 

1) A single set of microbiological standards shot! 
not be applied to foods as a miscellaneous group, su 
as “frozen foods” or “precooked foods.” 

2) Microbiological standards should be applied fit) 
to the more hazardous types of foods on an individw 
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basis, alter sufficient data are accumulated on expected 
bacterial levels, with consideration of variations in com- 
position, processing procedures, and time of frozen 
storage. 

8) When standards are chosen, there should be a 
definite relation between the standard and the hazard 
against which it is meant to protect the public. 

4) Methods of sampling and analysis should be care- 
fully studied for reliability and reproducibility among 
laboratories, and chosen methods should be specified 
in detail as part of the standard. 

5) Tolerances should be included in the standard to 
account for inaccuracies of sampling and analysis. 

6) At first, the standard should be applied on a tenta- 
tive basis to allow for voluntary compliance before 
becoming a strictly enforced regulation. 

7) Microbiological standards will be expensive to 
enforce. 

8) If standards are unwisely chosen they will not 
stand in courts of law. 


———— 





There is now intense interest in this country and 
internationally in setting up standards for bacterial 
numbers in various foods. Pressure for such standards 


‘has been building up with the phenomenal growth of 


frozen precooked foods in the United States, and with 


| this stimulus, similar problems have been seen in other 


foods. Most of the authors who have discussed the 


| question have given arguments both for and against 
i standards. These are presented separately in the fol- 
| lowing discussion, but are recombined in the Abstract. 
' Because milk standards are in general use and are not 
) controversial, they will be omitted from discussion. 


ADVANTAGES OF BACTERIOLOGICAL STANDARDS 


Bacteriological standards are a convenience and a 
necessity. Bacteriological standards have the advantage 
of putting questions of safety and quality in foods on a 
numerical basis. The administrator finds this a con- 
venient measure for decision as to the acceptability of 
a food. According to Thatcher (1955), in the absence of 
definite standards, food control agencies have often 
been greatly handicapped in efforts to improve quality. 
Buttiaux and Mossel (1957) have said that, whenever 
samples are analyzed, bacteriological standards are 
essential for proper interpretation of results. Thatcher 
(1955) recognized the value of bacteriological standards 
set by organizations that have no recourse to factory 
inspection; that is, he has said that standards are desir- 
able when the results of analysis are the only data avail- 
able on which to make a decision of suitability. Goods 
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imported from foreign countries would be examples in 
which a federal agency might logically apply bacterio- 
logical standards. Similarly, cities, states, and buying 
agencies could apply them to goods coming from outside 
their jurisdiction (Goresline, 1959). A listing of bacterial 
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limits recommended by various authors is given in 
Table 1. 

Bacteriological standards enhance plant sanitation. 
Many authors have cited the advantage that setting a 
bacteriological standard results in a cleaner product by 
bringing bacteriological aspects of production to the 
fore in the minds of both quality control and production 
workers (Anonymous, 1960e; Heller, 1952; Jones and 
Pierce, 1947; Mossel, 1953; Nickerson, 1946; Thatcher, 
1958; Tressler and Pederson, 1951). To quote Thatcher 
(1955), 


‘Without exception, the introduction in Canada of the few 
official microbiological standards has marked a positive trend 
towards improvement in the microbiological quality of the 
product and in the practice of hygiene by the industries con- 


cerned....In the absence of definite standards... . the 
more negligent food firms are more than content to remain 
‘behind the time’....Experience suggests that they do 


stimulate backward producers to approach more closely to the 
achievements of the more progressive ones. Indeed, the latter 
are not infrequently the strongest supporters of food stand- 
ards. ... Enforced standards tend also to mitigate the un- 
fairness that exists when an unethical or unhygienic producer 
or one operating from inadequate premises and using inferior 
raw materials, markets his product in the same price range as 
the progressive producer.” 


Low bacterial counts are attainable. Many investiga- 
tors have surveyed existing levels of various bacterial 
groups in commercial foods to evaluate what can be 
attained commercially. Abrahamson (1960) stated that 
no new techniques are needed to produce foods that 
are low in bacterial count on a commercial scale. 
Attainability under what is considered good commer- 
cial practice appears to be an essential basis for any 
microbiological standard (Anonymous, 1960e; Thatcher, 
1960). The U. 8S. Food and Drug Administration has 
concluded, after an extensive survey, that lower levels 
of microbial content can be readily attained by the pre- 
cooked frozen food industry (Shelton et al., 1961). 

Low bacterial counts are associated with safe foods. 
Advocates of standards have often stressed that low 
bacterial counts tend to parallel safety from food 
poisoning pathogens (Anonymous, 1960e; Mossel, 
1953). Hobbs (1953) has said, “In general those foods 
suspected of causing food poisoning gave counts of 
greater than 1 million per gram and usually greater 
than 10 million per gram.... The counts for the 
majority of ‘normal’ foodstuffs were approximately 
10,000 per gram or less.” Thatcher (1955) stated that 
microbial control of milk showed a coincident reduction 
in the incidence of milkborne epidemics. Heller (1951) 
suggested that in most cases where counts were very 
high in a food, the process of manufacture was such that 
it would permit the entry into the food of both spoilage 
types and food poisoning types. Goresline (1959) said 
that, if a standard aerobic plate count of 100,000 per 
gram and a coliform level of 10 per gram were enforced 
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TABLE 1. Suggested microbial limits in chilled and frozen foods, per gram, except as indicated 


Reference 


Total viable aerobes Coliforms 


FROZEN PRECOOKED FOODS 


Fitzgerald, 1947b 

Heller, 1952 

Goresline, 1959; Huber et al., 1958; Johnson, 1960; 
Kereluk and Gunderson, 1959; U 
Food and Container Institute, 1955 


Gunderson, 1960; Litsky, Fagerson, and Fellers, 1957; 


Rayman, Huber, and Zaborowski, 1955 


International Association of Milk and Food Sanitar- 


ians, 1957 
Abrahamson, 1958 
Abrahamson et al., 1959 


Hobbs, 1959 


Hobbs, 1959 

Nickerson, Proctor, and Robertson, 1959 

Massachusetts Department of Public Health, 1959 
(1960) 

Abrahamson and Clinton, 1960 


Robertson, 1960 


Heller, 1952 


Heller, 1952 


Goldenberg, Sheppey, and Robson, 1955 


Anonymous, 19606 


LeFevre, 1917; Marxer, 1903 
Bates and Highlands, 1934; Brekenfeld, 


Newton, 1914, 1915 
Fitzgerald, 1947a 
Nickerson et al., 1959 
Fitzgerald, 1947a 
Ayres, 1955 


1959 
1959 


Nickerson et al., 
Nickerson et al., 
Hobbs, 1959 


Hobbs, 1959 
Hobbs, 1959 


Hobbs, 1959 


Lepper et al., 1944, 1956 
Fletcher and Johns, 1951 
Fletcher and Johns, 1951 
Nickerson et al., 1959 


. S. Quartermaster 


50,000 to 100,000 


1934; Elford, 
1936; Geer, Murray, and’ Smith, 1933; Weinzirl and 


FROZEN 


100,000 1 
2,000 
100,000 10 
100,000 
0 
100,000 100 
100,000 
100,000 0.1 g* 
500,000 
100,000 
50,000 10 
100,000 100 


100 


PRECOOKED MEATS 


10,000 


0-12 
10 


10,000 


RAW MEATS 


1,000,000 
10,000, 000 


250,000 
, 000,000 
100,000 
10,000 to 
100 ,000/em? 
,000/em? 
10,000/cm? 
, 000 , 000 


or 


or 


bo 


0.01 g* 


, 000 , 000 
500,000 


or 


0-1 2* 


to 


, 900 , 000 


WHOLE EGGS 


, 000 , 000 
,000 , 000 
,900 , 000 

200 , 000 


or 


] 


Nw oO 


Other organisms, comments 


Pathogens absent; designate meth ids 
Quartermaster purchases (U.S. A 


Staphylococcus 1,000; enterococci 1,000 

Staphylococcus absent; New York City 
tolerance 

Staphylococcus 1 g*; Salmonella.50 g*: 37 ( 
count 

22 C count 

5,000,000 direct count 

Staphylococcus, Salmonella, Shigella ab 
sent; Massachusetts law 

Staphylococcus 100; enterococci 1,000; at 
tainable in good practice 

Staphylococcus 100; under AFDOUS con 
sideration 


Sausage. absent; 
methods 

Pressed meats. Designate methods 

Canned hams. Clostridiu 
perfringens, Escherichia coli: 1 g*; patho 
gens absent. Spores 10 


Pathogens designats 


Enterococci, 


Canned hams. Gram-negative rods, fungi 
and Clostridium absent 


Hamburger 
Hamburger. Recommended; 
Oregon, law 1936 


Portland 


Hamburger, sausage 
Hamburger 

Meats, poultry 

Anaerobes 5,000 to 50,000/g 


Poultry 

Cut meats 

Unfrozen meats. Salmonella 50 g*; Staph 
lococcus 0.01 g*; 37 C count 

Unfrozen meats. 22 C count 

Frozen meats. Salmonella 50 g*; Staphyl' 
coccus 0.1 g*; 37 C count 

Frozen meats. 22 C count 


Direct microscopic count 
Canadian regulations, 1947 
Canadian regulations, 1948 
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Griffiths : 
Fitzgeral 
Nickersot 


U.S. Pul 
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TABLE 1—Continued 


Reference Total viable aerobes Coliforms 
FISH, SHELLFISH, AND WATERS 


(Griffiths and Stansby, 1934 1,000,000 


ds Fitzgerald, 1947a; Fitzgerald and Conway, 1937 100,000 
Nickerson et al., 1959 100.000 
500 , 000 
'U.S. Public Health Service, 1946 23 
Knott, 1951 
U.S. Public Health Service, 1954 50,000 160 


U. 8. Public Health Service, 1954 50,000 to 1,000,000 160 to 1,600 


000 U.S. Publie Health Service, 1954 over 1,000,000 over 1,600 
ity Kelly, 1958 500,000 

Kachikian, Larken, and Litsky, 1960 100,000 
g*- 37°98) U.S, Public Health Service, 1959 0.7 

U.S. Public Health Service, 1959 0.7 to7 
lla ab U.S. Public Health Service, 1959 over 7 
000; at-f) Anonymous, 1960e 100,000 100 
US con 

VEGETABLES 

Berry, 1941; Jones and Ferguson, 1957; Tressler, 1938 100,000 

Sanderson, 1941 100,000 
designate)” Nickerson, 1946 300,000 

Canada, Laws, Statutes, etce., 1954; Matthews and 100,000 0.1 ¢* 
s Young, 1957; Jones and Ferguson, 1956 
ostridiuuf Anonymous, 1958a; Schmitt, 1958 200 ,000 


*- patho-¢ Nickerson et al., 1959 


100,000 to 500,000 


ds, fungi} Anonymous, 1945 400 , 000 
Hucker, 1950; Hucker, Brooks, and Emery 1952 50,000 
Hucker, 1950; Hucker et al., 1952 100,000 


Hucker, 1950; Hucker et al., 1952; Obold and Hutch- 
ings, 1947 


150,000 to 200,000 





Portland ICE CREAM AND FROZEN DESSERTS 
Buchan, 1910 1,000,000 under 
0.1 ml* 
Beckler and Dusossoit, 1911 500 , 000 
American Public Health Association, 1937; Fabian, 100,000 
1926a, 6, 1927, 1929, 1932, 1937, 1939; Fay and Olson, 
1924; Fisher, 1935; Obold and Hutchings, 1947; Olson 
and Fay, 1925; Ostertag, 1950; Smith, Newman, and 
Nielsen, 1928 
*. Staphy{Wournelle and Macy, 1942 under 10 
Kruse, 1950 100,000 
Dahlberg and Adams, 1950 50,000 to 100,000 
- Staphyl WS. Federal Supply Service, 1953 50,000 20 


P Anonymous, 1935 
ia 


5,000 to 500,000 


American Public Health Association, 1937; Fabian, 
) 1937 


10,000 to 25,000 


piss, 1937 100,000 to 500,000 

lacy, 1937 25,000 

i Mternational Association of Milk Sanitarians, 1939 75,000 to 500,000 
international Association of Milk and Food Sani- 0 
tarians, 1956 

be 
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Other organisms, comments 


Fish, stale and inedible 

Fish 

Fish. Direct count, 150,000 

Breaded shrimp. Direct count, 2,000,000 

Oysters. U. S. Public Health Service code 

Oysters. E. coli 200/oyster 

Oysters. Acceptable; USPHS code 

Oysters acceptable on condition; USPHS 
code 

Oysters. Rejectable; USPHS code 

Oysters. Acceptable on condition 

Frozen breaded shrimp 

Shellfish waters. Approved for harvesting; 
USPHS code 

Shellfish waters. Restricted for harvesting; 
USPHS code 

Shellfish waters. Prohibited for harvesting; 
USPHS code 

Crabmeat. Enterococci 1,000; Staphylo- 
coccus 100; New York City tolerance 


E. coli absent 
Canadian law suspended 


By soup manufacturers 


Direct microscopic count, 500,000 to 
1,000,000 
Peas 


Peas. Before freezing 
Green beans. Before freezing 
Corn. Before freezing 


Enterococci under 0.001 ml*; Clostridium 
sporogenes under 10 ml* 

Boston law, August 4, 1906 

Recommended; also laws of 
Connecticut, other states 


California, 


E. coli absent 

Laws of 19 states and 20 cities 

Federal purchases 

Pathogens absent; laws of various coun- 
tries 

Some firms could meet 


Most states 
Certain cities 
12 states 

1 state 


TABLE 1 





Reference 
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Total viable aerobes 
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—Concluded 


i 


Coliforms Other organisms, comments 


International Association of Milk and Food Sani- 100,000 0.1 ml* | New Jersey law 
tarians, 1956; Levowitz, 1939; Thomas, Jenkins, and 
Evans, 1938 
Buchbinder et al., 1953; International Association of 10 20 states 
Milk and Food Sanitarians, 1956 
International Association of Milk and Food Sani- 1 1 state 
tarians, 1956 
International Association of Milk and Food Sani- 30 1 state 
tarians, 1956 
International Association of Milk and Food Sani- 200 1 state 
tarians, 1956 
U.S. Public Health Service, 1940 50,000 Grade A, USPHS code 
U.S. Public Health Service, 1940 100,000 Grade B, USPHS code 
Adams, 1954 2,000,000 Milk or cream for 
Fabian, 1939 5,000 Ingredients for; after pasteurization 
U.S. Public Health Service, 1940 200 , 000 Ingredients for; Grade A, before pasteuri 
zation; USPHS code 
U.S. Public Health Service, 1940 800 ,000 Ingredients for; Grade A, direct count: 
USPHS code 
U.S. Public Health Service, 1940 1,000,000 Ingredients for, Grade B, before pasteuri 
zation; USPHS code 
U.S. Public Health Service, 1940 4,000,000 Ingredients for, Grade B, direct count 
USPHS code 
International Association of Milk Sanitarians, 1940 10,000 0 Coloring solutions. Enterococci 0, yeasts 
and mold 10 
International Association of Milk Sanitarians, 1940 100 0 Flavor extracts; Enterococci 0, yeasts and 
mold 10 
International Association of Milk Sanitarians, 1940 1,000 0 Fruits. Enterococci 0, yeasts and mold 10 
International Association of Milk Sanitarians, 1940 100 0 Nuts. Enterococci 0, yeasts and mold 10 
Rothwell, 196( 25,000 to 300,000 Standards various countries 


Sanderson, 1941 


MISCELLANEOUS FOODS 


0 to 150 


Frozen foods. E. coli 0.1 g.* 


100,000 
Tressler and Pederson, 1951 100,000 to 200,000 Frozen foods 
Buttiaux and Mossel, 1957; Mossel, 1956 100,000 1 g* Fresh and frozen foods. Pathogens, fecal 
indicators 1 g.* 
Fitzgerald, 1947a 1 Various foods; Direct count 1,000,000 
Fitzgerald, 1947a 100, 000 Fruits 





* Absent from this portion. 


for precooked frozen meals, the presence of pathogens 
was a remote possibility. He stated that no food poison- 
ing had ever occurred from products purchased by the 
Quartermaster Corps under such contracts. Thatcher 
(1958) stressed the desirability of setting standards on 
foods imported from countries that have high disease 
rates and poor sanitation. Straka and Stokes (1956) 
considered that foods with large numbers of spoilage 
organisms were not wholesome, whether or not disease 
organisms were present. 

As an argument against citing the excellent history 
of safety in years of consuming frozen precooked foods, 
Abrahamson (1960) and Slocum (1960) commented 
that the reporting of food illness in the United States is 
known to be incomplete and nota valid basis for judging 
the sanitary quality of these foods. Ross and Thatcher 





(1958) agreed that, even though the history of thes 
foods is good, the high levels of pathogens sometime: 
found in commercial precooked frozen foods indicated 
enteric infections to be likely. Several investigators 
have demonstrated the potential danger of mishan- 
dling. Straka and Combes (1952) grew staphylococci in 
creamed chicken held at elevated temperatures. Proctor 
and Phillips (1948) succeeded in growing a-type strepto- 
cocci and Salmonella enteritidis in four types of pre- 
cooked foods held at 86 F. Saleh and Ordal (1955) grew 


Clostridium botulinum in chicken & la king at 86 F. 4| 


recent outbreak of botulism from a frozen chicken pie 
mishandled by the consumer was reported by the U.+ 
Public Health Service (1960). 

Bacterial counts reflect sanitation level. Several author 
have shown the value of total viable counts in reflecting 
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the hygienic conditions that occurred during processing 
(Abrahamson, 1960; Dack et al., 1960; Huber, Zabor- 
owski, and Rayman, 1958; Thatcher, 1955; Shelton 
et al., 1961; Thatcher, 1960). However, others (Berry, 
1946; Heller, 1951; Mossel, 1953; Proctor and Nicker- 
son, 1948) have suggested that microscopic 
counts give a better picture of the sanitary history of a 


direct 


product than do viable counts. Processing procedures 
such as freezing, heating, or drying will often reduce the 
viable count, whereas the dead cells remain, will stain, 
and can be counted under the microscope to reflect 
evidence of insanitation which had occurred before the 
procedure which killed them. 

Bacterial counts reflect degree of decomposition. Many 
authors have considered a bacterial count as one of the 
best indicators of degree of decomposition. Most such 
studies have shown that by the time decomposition has 
reached the point where it is detectable as such to 
human senses, bacterial levels are 10° or 10’ per gram or, 
if a surface test, per square centimeter. This is clearly 
shown in Table 2. A notable exception is the work of 
Peterson and Gunderson (1960) on chicken pies. They 
found 10! psychrophilic bacteria per gram to give 
detectable off flavors and 10° to make the pies definitely 
unacceptable. This is well within the range of counts 
found in commercial pies on todays market (Canale- 
Parole and Ordal, 1957; Huber et al., 1958; Fanelli and 
Ayres, 1959; Thatcher, 1960; Shelton et al., 1961). 
Thatcher (1955) expressed as an argument for standards 
the probably greater consumer acceptance of con- 
trolled foods because of their better quality and flavor. 
Flavor as affected by bacterial level has been suggested 
to be a factor in the survival or failure of producers of 
precooked foods in today’s highly competitive market 
(Burr and Elliott, 1960). 

In some instances, bacterial counts have been used to 
represent the degree of adulteration by decomposed 
material. Redfield’s (1920) early work showed a relation 
between odor of whole egg and its bacterial level, as 
follows: 


Odor Bacteria per gram 
Good 2,800,000 
Strong + 300,000 
Sour 284 ,500,000 
Bad 250,000,000 


Lepper, Bartram, and Hillig (1944, 1956) found that 





Proctor 
strepto- 
of pre: 


fy direct microscopic counts of over 5,000,000 per gram in 
frozen eggs indicate either that decomposed shell eggs 
) Were used, or that the liquid egg magma was held un- 
Jirozen long enough for some decomposition to oecur. 


95) grew} Various workers have reeommended bacterial limits in 


86 F. Af 
cken pie 
he U.S. 


| authors 
eflecting 





fish and in ground meats on the basis that counts 
Fexceeding the limit represented decomposition (Table 
})1). 

| Low bacterial counts will enhance shelf-life. The shelf- 
jlife of a food held at a temperature permitting growth 
dicen ses markedly if the numbers of bacteria present 
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at the beginning of the growth period are high. This 
factor has been stressed as an argument for imposing 
bacteriological standards (Thatcher, 1955, 1958). 
Jones and Pierce (1947) recommended that low bacterial 
levels on frozen fruits and vegetables were desirable for 
this reason. Lepper et al. (1944) made a similar recom- 
mendation for eggs. 


DISADVANTAGES AND PRECAUTIONS 
There is no need for bacteriological standards; present 
control is adequate. Several investigators have pointed 
TABLE 2. Bacterial level at odor or slime point for protein foods 


Logarithm of no. of 
bacteria/cm? 


Food Reference 
Odor Slime 
Poultry meat 6.5 Lochhead and Landerkin, 
1935 
8 8 to9 Ayres, Ogilvy, and Stew- 
art, 1950 
7 7.5 Walker and Ayres, 1956 
6.9 Brooks, 1958 
5.2 MeVicker et al., 1959 
7 to 8* Meyer, Winter, and 
Weiser, 1959 
Beef 7.7 to 8} Schmid, 1931 
Ck Empey and Vickery, 1933 
7.5 Haines, 1933 
6.5 Moran, 1935 
7to8 Schwartz and Zeiser, 1939 
7.7to8 Jepsen, 1945 
8.4" Kirsch et al., 1952 
6.3to7 8 Kraft and Ayres, 1952 
| Barnes, 1957 
7 7.8 Ayres, 1960 
Processed meats 7 to 8* | Allen and Foster, 1960 
Frankfurters 8 to 8.5 8.5 Kraft and Ayres, 1952 
Wiltshire bacon 6.7 to 8| Gibbons, 1940 
Wiltshire bacon 7 Gibbons, Rose, and Hop- 
kins, 1951 
Fish 6 to 6.6* Birdseye, 1929 
Haddock 6* | Griffiths and Stansby, 
1934 
Fish 7 to 8.5 Schwartz and Zeiser, 1939 
Fish Gio Shewan, 1949 
Oysters 4to5.7* Boyd and Tarr, 1956 
Crabmeat 8* | Alford, Tobin, and 
McCleskey, 1942 
Shell eggs ti Miller, 1954 
Frozen eggs Git" | Lepper, Bartram, and 
Hillig, 1944, 1956 
Liquid eggs tia Elliott, 1954 
Chicken pies 5t Peterson and Gunderson, 


1960 
* Per gram. 
+ Yeasts, 6. 
t Unacceptable flavor. 
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to the excellent public health record of frozen foods as 
an argument against imposing bacteriological standards 


(Anonymous, 1960b; Dack et al., 1960; Fitzgerald, 
1947a; Humphrey, 1950; Jones and Pierce, 1947). 

Many authors believe that present controls are ade- 
quate protection for the public. The U. 8. Food and 
Drug Administration and most state food enforcement 
agencies rely on factory inspection for domestic prod- 
ucts (Anonymous, 1960e; Price-Davies, 1952; Slocum, 
1960). This ‘‘control at the source” was thought by 
Thatcher (1958), Buttiaux and Mossel (1957), Slocum 
(1960), and Brandly (1960) to be a better safeguard 
than sampling, particularly if used in conjunction with 
strict food handling codes and a strong educational 
program that would instruct both the industry and the 
consuming public in proper food handling methods. 

Ingram (1961) and Rowlands (1952) recommended 
that we rely on appropriate procedures for freeing 
foods of bacteria, rather than on specified bacteriologi- 
val standards particularly where factory inspection is 
difficult or impossible. For example, Ingram suggested 
pasteurization of milk, egg products, and feeding stuffs 
to rid them of Salmonella and other similar pathogens. 

Bacteriological standards will not free foods of danger 
from pathogens. Most persons have agreed that the 
complete absence of pathogens from foods is desirable 
but some have added that complete freedom from 
pathogens is not always necessary. Many authors have 
argued that a set of standards will not accomplish this 
end, anyway. 

There are some who have said that small numbers of 
food poisoning organisms in foods are not harmful. It is 
generally well known that spores of Clostridium botu- 
linum are safely ingested, and become harmful only if 
they germinate and grow in a food. For this to happen, 
anaerobic conditions, absence or near absence of other 
organisms, and suitable pH and nutrients are required. 
Therefore their presence in foods in which they cannot 
grow is not significant (Dack, 1956). Hobbs (1953), 
Dack et al. (1960) and many others have shown that, 
before potentially toxigenic staphylococci can cause 
illness, they must grow to many millions per gram; 
therefore a few thousand per gram are of no significance 
and the food is perfectly wholesome. Similarly, MeCul- 
lough and Eisele (1951a, b, c, d), in feeding tests to adult 
human volunteers, found that high levels of Salmonella 
were required for infection to occur. Ross and Thatcher 
(1958), and Thatcher (1955) pointed to the fact that, 
although pathogens such as staphylococci and _sal- 
monellae and fecal indicators such as coliforms and 
enterococci are regularly present in small numbers in 
many precooked frozen foods, the records of illness 
from these foods are infrequent. For this reason, they 
have questioned that establishment of a zero standard 
for these bacterial groups would give any noticeable 
improvement in public health protection. Thatcher 
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(1958) has said that, where very low levels of pat :ogens 
caused outbreaks, microbiological standards would 
have limited prophylactic value. He also found 1: diff. 
cult to specify the precise number of cells of specific 
pathogens present on factory surfaces or in food that 
would warrant condemnation of the food (Thatcher, 
1955). 

A_ fecal indicator standard has limitations. Various 
intestinal organisms, such as_ the group, 
Escherichia coli, or enterococci, have long been used to 
indicate the presence of fecal matter, and thus the 
potential presence of pathogens. The coliform group 
(except EF. coli) and enterococci, however, have been 
found to be widely distributed, so their presence alone 
is not conclusive evidence of fecal contamination 
(Anonymous, 1960e; Dack, 1955; Fabian, 1932; Johns, 
1959; Thatcher, 1955). EF. coli has more significance, 
but its source should be determined (Herrick, 1948). 
Its presence is unavoidable in vegetables from heavily 
manured soils or in animal products such as eggs, 
poultry, or red meats. Furthermore, it grows in some 
foods (Harris, 1932). 

The survival of these organisms has been found to 
differ when they are subjected to adverse conditions 
such as frozen storage. F. coli dies quickly, other mem- 
bers of the coliform group somewhat less so, and the 
enterococci are highly resistant. Berry (1946) consid- 
ered FE. coli of doubtful value because of its rapid 
freezer death. Similarly, Appleman (1955) considered 
that in citrus juices, if coliforms or enterococci are 
equally indicative of pollution, the enterococci should 
be used because of their greater longevity. On the other 
hand, others have stressed that the organisms that die 
off rapidly are the more valuable because they indicate 
recent contamination and therefore a greater potential 
hazard from pathogens. Thus, Ingram (1961) ques 
tioned the use of the resistant enterococci to measure ’ 
potential hazard, when the coliform group dies out ati 
rate more nearly comparable with that of the sal 
monellae. 


coliform 


Total count is unrelated to danger or to spoilage. Many 
authors have said that total numbers of organisms att 
often unrelated to the presence or absence of patho- 
gens. Hobbs and Greenwood Wilson (1959) foun 
Salmonella on meats where there were low counts and 
no fecal organisms. Thatcher (1958) reported that out- 
breaks of salmonellosis in babies occurred from dried 
egg yolk, although the total bacterial 
strictly controlled at a very low level. Similarly, bt 
stated that powdered milk containing no viable staph 
vlococci has given rise to food poisoning due to enter 
toxin formed before the drying process killed thi 
organisms responsible. He believed standards specifyin! 
absence of pathogens would be of little value in such a 
instance. 

On the other hand, spoilage at refrigeration temper 


count was 






1961] 


atures 1s 
dous nu 
at such 
1956). ¢ 
instance 
health. ' 
count is 
(Brandl: 
Green, 
Pederso. 
be valid 
due to h 
bers are 
ble. Wh 
(ferment 
meats, 1 
food pro 
Metho 
Samplin 
problem 
ards (A 
(1961) | 
guarante 
sample, : 
as liquic 
even un 
of the e 
Difficult 
(Heller, 
much gr 
be high]. 
amount 
scope is 
and hon 
portant 
(1960) b 
tions in 
Bacte 
(1961) 
example 
Similar 1 
techniqu 
(1951) h 
of baeter 
preparat 
Hartman 
that sub 
results si 
As ar 
invest iva 
level an 


Os repli 
Peas oht 
Kame tin 
jound 

Creen (1 












"OL. 


ogens 
would 
diffi- 
necific 
1 that 
itcher, 


“rious 
eroup, 
ised to 
us the 
group 
© been 
e alone 
ination 
Johns, 
cance, 
1948). 
heavily 
S eggs, 


h some 


yund to 
iditions 
" mem- 
und the 
consid- 
s rapid 
sidered 
ECL are 
| should 
he other 
that die 
indicate 
otential 
1) ques. 
easure a 
out ata 
the sal- 


ie. Many 
isms are 
f patho- 
)) found 
nts and 
that out: 
ym dried 
unt was 
larly, he 
le staph- 
o entero 
illed th 
pecifying 
n such al 


1 temper 





atures is accompanied by growth of bacteria to tremen- 


1961] MICROBIOLOGICAL STANDARDS FOR FOODS 459 





dous numbers, but no food poisoning bacteria can grow 
at such temperatures (Burr and Elliott, 1960; Dykstra, 
1956). Obviously, a total count standard in such an 
instance would be unrelated to the question of public 
health. There are some who have argued that bacterial 
count is not necessarily related to the degree of spoilage 
(Brandly, 1960; Castell, Anderson, and Pivnick, 1948; 
Green, 1949a; Jones and Pierce, 1947; Tressler and 
Pederson, 1951). A correlation with spoilage would not 
be valid, of course, if the high bacterial numbers were 
due to heavy contamination; but where very high num- 
bers are due to growth, alteration of the food is inevita- 
ble. Whether this alteration represents improvement 
(fermented. or cured foods) or deterioration (fresh 
meats, vegetables, etc.) depends on the nature of the 
food product. 

Methods of sampling and analysis are inadequate. 
Sampling and analytical procedures are the greatest 
problems in the enforcement of bacteriological stand- 
ards (Anonymous, 1960e; Appleman, 1957). Ingram 
(1961) has said that absence of pathogens cannot be 
guaranteed by a negative test obtained by analysis of a 
sample, even of a relatively easily sampled product such 
as liquid or frozen egg, for the sample analyzed may 
even under the best of conditions amount to only 1% 
of the entire lot, and is usually much less than this. 
Difficulties in sampling products such as raw meats 
(Heller, 1952) or stuffed turkeys (Thatcher, 1958) are 
much greater because infection and growth will often 
be highly localized. For direct microscopic counts, the 
amount of sample actually examined under the micro- 
scope is exceedingly small, so that sampling procedures 


-and homogeneity of the sample taken are very im- 


portant (Heller, 1951). Hartman and Huntsberger 
(1960) have found hourly, daily, and seasonal fluctua- 
tions in bacterial count on products from a given plant. 

Bacterial analyses are only rough estimates. Ingram 
(1961) cited the coliform dilution technique as an 
example of a method with great inherent inaccuracies. 
Similar unavoidable errors occurred in the usual plating 
techniques (Nickerson, 1946). Tressler and Pederson 
(1951) have emphasized that sometimes the breaking 
of bacterial clumps will affect results.seriously, so that 
preparation for plating must be carefully standardized. 
Hartman and Huntsberger (1961) have demonstrated 
that subtle differences in plating procedures can affect 
results significantly. 

Asa result of sampling and analytical errors, various 
investivators have found great differences in bacterial 
level among samples one might expect to be homogene- 
Os replicates. For example, even among packages of 
Peas obtained from a commercial line at nearly the 
fume time, Michener, Thompson, and Dietrich (1960) 
Jound variations of 20-fold or more in plate count. 
Green (1949 a, b) and Gunderson and Rose (1948) 





reported similar results on shrimp and chow mein, 
respectively. 

To minimize such errors, and to evaluate their im- 
portance, Buttiaux and Mossel (1957) have recom- 
mended that collaborative studies such as those con- 
ducted for chemical analyses by the Association of 
Official Agricultural Chemists should be undertaken. 
In interpreting the results of a given analysis or series 
of analyses, the expected variation must be considered 
and standards should include recognition of the exist- 
ence of variations (Anonymous, 1960e; Ingram, 1961; 
Mossel, 1956; Nickerson, 1946; Shelton et al., 1961). 

Bacteria, especially pathogens, may be difficult to 
grow. Those surviving heating, freezing, or other ad- 
verse conditions of processing or storage may be in- 
sapable of growth on ordinary media or on selective 
media on which they are known to grow ordinarily 
(Ingram, 1961). Thus to measure total viable numbers, 
or to measure viable indicator organisms or pathogens, 
especially designed techniques may be needed. For 
example, Brucella in dairy products is a distinct danger, 
but very hard to isolate (Thatcher, 1958). 

The nature of the inoculum may also affect isolation 
of bacteria or interpretation of results. Wolford (1955) 
found the coliform test in orange juice by usual methods 
to be unreliable because sugars in the juice are carried 
into the lactose broth medium. Hurley and Ayres 
(1953) and others, in analyzing eggs, found that the 
inoculum affected selectivity of enrichment media and 
therefore recoveries of salmonellae. 

The only fully reliable method for demonstrating the 
toxicity of foods infected with staphylococci or of 
cultures from such foods is by animal or human feeding 
or animal inoculation tests, which are laborious. Sero- 
logical tests are not fully developed yet, and the 
coagulase test does not always parallel toxin formation. 
Thus, the significance of the usual tests is somewhat 
doubtful because most laboratories do not conduct 
animal tests. 

Regulations that include standards must necessarily 
alwavs designate with great exactitude the method by 
whicn foods should be sampled and analyzed (Anony- 
mous, 1960e; World Health Organization, 1959). This 
must include sample preparation (Tressler and Peder- 
son, 1951), diluent, medium, and time and temperature 
of incubation (Berry, 1946; Heller, 1951). Several 
authors have listed and discussed such methods as 
applying to recommended standards or to plant sanita- 
tion evaluation (Buttiaux and Mossel, 1957; Mossel, 
1956; Thatcher, 1955). Methods used by the Associa- 
tion of Food and Drug Officials of the United States 
for obtaining background information for discussions 
of bacteriological standards have also been described 
(Anonymous, 1958b; Shelton et al., 1961). 

Methods for bacteriological analysis are widely 
scattered in the scientific literature. Basie sources, 
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specifically for foods, are as follows: Foods in general: 
American Public Health Association, 1958; Frazier, 
1958; Frazier and Foster, 1959; Tanner, 1944, 1950. 
Frozen foods, in particular: American Public Health 
Association, 1953, 1958; Anonymous, 1958b; Shelton 
et al., 1961; Zaborowski, Huber, and Rayman, 1958. 
Canned foods: American Public Health Association, 
1958; Townsend et al., 1956. Spices, fermented foods, 
and fruit juices: American Public Health Association, 
1943, 1958. Shellfish: American Public Health Associa- 
tion, 1947. Dairy products, frozen desserts: American 
Public Health Association, 1953; Foster and Frazier, 
1957. Eggs: American Public Health Association, 1953, 
1958; Association of Official Agricultural Chemists, 
1960; Schneiter, 1940. Meats: American Public Health 
Association, 1958; Evans and Deibel, 1960; Jensen, 
1954; Jepsen, 1957. Water: American Public Health 
Association, 1955. 

Existing laboratory facilities and personnel are in- 
adequate. Thatcher (1955) has said that a standard is 
justifiable only to the degree to which it is enforced, 
and that because of the complexity and cost of such 
examinations and enforcement, standards should be 
devised only to meet a strongly indicated need. Heller 
(1952) and Thatcher (1958) stated that laboratory 
staffs and facilities of government agencies would have 
to be enlarged greatly if adequate enforcement of 
bacteriological standards were to be undertaken. With 
existing personnel, the U. 8. Food and Drug Adminis- 
tration was able to analyze the products of only 63 of the 
estimated total of 300 firms producing frozen precooked 
foods in the United States in a survey conducted in 
1958 and 1959 (Shelton et al., 1961). 

Processing and storage influence viable counts. Wein- 
zirl and Newton (1915) pointed to difficulties of enforce- 
ment on frozen products in view of the drop in viable 
count during freezing and storage. Also, Ingram and 
Brooks (1952) and others have suggested that the in- 
crease in bacterial level during thawing of frozen egg will 
increase enforcement problems. 

Excessive sanitation will introduce a food poisoning 
hazard. It is well established that most foods decompose 
before they become a hazard from food poisoning micro- 
organisms. This serves to warn the user if frozen or 
chilled foods are allowed to stand too long at room 
temperature (Fitzgerald, 1947a). It has been shown 
that Clostridium botulinum fails to grow and produce 
toxin in the presence of the more rapidly growing 
spoilage flora (Perry et al., 1948). Whereas Logan, 
Harp, and Dove (1951) recommended that chicken 
a la king be filled into the carton hot to reduce con- 
tamination, Saleh and Ordal (1955) reported C. botu- 
linum can grow and produce toxin in this product when 
few spoilage organisms are present. Gunderson (1960) 
has recommended that frozen precooked foods be per- 
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mitted to retain their proper proportion of \itural 
flora so they will spoil before food poisoning org: nisms 
‘an grow. 

Foods will be overcooked or preservatives will bi intro. 
duced to meet a standard. Parker (1940) has stated that 
with milk, flavor is often sacrificed to produce an 
unnecessarily low bacterial count. Overcookiny may 
sometimes occur if standards are enforced o1 other 
food products, and some producers will be tempted to 
use preservatives (Brandly, 1960). Shelton ct al, 
(1961) demonstrated that a terminal cook before 
packaging will often destroy evidence of earlier in- 
sanitary practice. 

Various 
authors have said that, where a standard is essential, 


More background information is needed. 
one must establish an objective foundation by demon- 
strating a relation between the standard and the hazard 
against which it is meant to protect the public. To do 
this, each individual food for which a standard is to be 
set, and all the various types of processing procedures 
that might affect the bacterial content, must be studied 
(Anonymous, 19606, e; Appleman, 1955; Ingram, 1961; 
Proctor and Nickerson, 1948; Shelton et 1961: 
Slocum, 1960; Thatcher, 1955). 

Bacterial standards will be hard to defend in court. 
Insanitary conditions and 


al., 


inadequate — refrigeration 
leading to high bacterial content have been shown to 
be related to disease in milk (American Public Health 
Association, 1953). However, this has not been shown 
in frozen foods (Anonymous, 1960e) due in part, no 
doubt, to the less favorable environment the latter 
foods offer to pathogens. If total viable bacterial count 
reflects spoilage, quality, or grade, and not public 
health hazard, there may be a doubt in the minds of 
many people that food enforcement agencies whose 
primary responsibility is the protection of public health 
have the legal right to enforce such a bacteriological 
standard (Hillery, 1960; Anonymous, 1961). Certainly, 
unless the laws under which the agency operates clearly 
state that standards relating to quality may be en- 
forced, a legal contest may be decided in favor of the 
owner of the food. 

According to Ingram (1961) one may hesitate to 
impose, all at once, a standard which would expose 
most of an industry to legal proceedings. If one takes 
the stand that the ‘‘average” level of bacteria in foods 
being marketed becomes the standard, half the foods 
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dapsed. Ingram (1961) has also stated that because 
the standard is likely to be to some degree arbitrary it 
wems wise to introduce it on a tentative basis allowing 
jor modification in the light of experience. The level 
ultimately adopted is then likely to have gained wide 
aeceptance, and the improvement which follows the 
introduction of the standard will provide the best pos- 
sible justification for giving it the final force of law. 

Obviously, standards may have their most successful 
use where they can be set empirically and where their 
legality will not be questioned (Anonymous, 1960e), as 
for example, for foods being brought into a country or 
community, or being purchased by a firm or agency for 
its own use. Goresline (1959) has said that where the 
armed forces is the purchaser and user it has the privi- 
lege of exerting a certain supervision that is not pos- 
sible in the commercial field. 

Choose wisely the type of food. Where a food is par- 
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ticularly hazardous, especially as applied to public 
health, a meaningful bacteriological standard is 
warranted (Thatcher, 1955, 1958). But for foods not 
likely to cause illness, such as citrus juices, standards 
would be unwise (Thatcher, 1958). Furthermore, when 
standards are applied, each food must be considered 
separately, taking into account method of preparation, 
storage, and treatment by the consumer (Anonymous, 
19606; Heller, 1951, 1952; Humphrey, 1950; Proctor 
and Nickerson, 1948; Vaughn, Murdock, and Brokaw, 
1957); otherwise inequitable or unattainable tolerances 
will be established. For example, a precooked food to 
which raw cheese or raw egg is added just before 
freezing would not meet a standard applied to the 
precooked foods in general (Dack et al., 1960; Slocum, 
1960). Similarly, a count of 100,000 is high for pas- 
teurized milk, but not for bacon or other cured products 
(Ingram, 1961). The U.S. Food and Drug Administra- 


TABLE 3. Partial list of codes and recommended procedures for storage and handling of chilled and frozen foods 


1961 Chilled or frozen Product Organization :egulating or recommending Comments Reference 
1, 1961; ie 2 : 
» 1961; BFrozen Ice cream American Public Health Associa- | Survey of state laws APHA, 1937 
tion 
» court, PFrozen Foods States Survey, 22 state locker laws Anonymous, 19476 
eration prrozen Foods Oakland, Calif. Maximum 5 F in distribution Anonymous, 1956 
Eas Chilled Foods Illinois Anonymous, 1956 
peinaggdhd Frozen Foods Indiana Maximum 10 F | Anonymous, 1956 
Health Trozen Foods Maryland Storage limited to 24 months | Anonymous, 1956 
. shown FF rozen | Foods New Jersey Storage limited to 24 months | Anonymous, 1956 
art, no ¥}'rozen Foods New Hampshire Display 0-5 F, storage 0 F; | Anonymous, 1956 
> latter transportation 10 F 
ye }rozen Foods U.S. Dept. of Agriculture Recommends 0 F or lower, toler. | Copley, 1957 
. coum ance for short periods 
public Fv nitied Shellfish U.S. Publie Health Service Recommended practice | USPHS, 1946, 1959 
rinds of FFrozen Desserts U.S. Public Health Service | Recommended practice | USPHS, 1940, 1941 
; whose p)'rozen Foods Massachusetts Dept. Public | Law, storage temperature, bac- | Massachusetts DPH, 
c health Health teriological standards | 1960 
iat” Frozen or chilled | Foods Am. Soc. of Refrig. Engineers Storage recommendations | Rose et al., 1952 
on Whilled Foods U.S. Public Health Service Recommended storage tempera- | Adams, 1946 
rtainly, ‘ieiniin | 
s clearly FFrozen Foods Association of Food and Drug | Storage at 0 F; sanitary equip- | AFDOUS, 1959, 
be en- Officials of the U. S. ment | 1960 
r of the Frozen Fish Iceland | Quality requirements, handling | Anonymous, 1947a; 
| methods | Nielsen, 1949 
; Whilled or frozen | Fish Denmark Sanitation and quality inspec- | Jensen, 1958 
Itate to | tion | 
| expose [Chilled or frozen | Fish Food and Agriculture Organiza- | Review of regulations and codes | Hess, 1953 
ne takes | tion of the UN | 
in foods Frozen Fish United Kingdom Processing and handling laws Anonymous, 1953 
is all Chilled Milk U.S. Publie Health Service Basis for state and local codes | USPHS, 1955 
Chilled or frozen | Fish U.S. Dept. of Interior Review. Standards and inspec- | Anonymous, 1960c 
“t stand- Shas 
Frozen | Fruits and General Foods | Dykstra, 1956 
level at F | vegetables 
d to e& Frozen | Poultry and | Wilson and Company | Loy, 1956 
i | eggs | 
ndefinite Brozen Por foods U.S. Department of Agriculture Allegri, 1956 
| correla: (@hilled 1 Frozen | Foods International Institute Re- | Recommended conditions | International Institute 
Repeated J frigeration of Refrigeration, 1959 
ime_ has Brozen | Ice cream 
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tion has based its interpretation of bacteriological 
analyses on the timing and degree of cooking the 
product receives in the food plant and on the amount of 
subsequent heating required by the consumer (Shelton 
et al., 1961). 

Choose wisely the bacterial group. The type of organ- 
ism, or group chosen as a basis for the standard must 
reflect the hazard against which the standard is meant 
to protect the consumer. Coliforms could not be used 
for indicating fecal pollution of southern oysters 
(Kelly, 1958), orange juice (Johns, 1959; Vaughn et al., 
1957), fermented products (Johns, 1959), or egg whites 
(Ingram and Brooks, 1952) because of their natural 
occurrence in the raw product, or their use in fermenta- 
tion. Where the coliform group, enterococci, or E. coli 
are present in a frozen food, the choice of organism for 
the standard must include a consideration of whether 
the standard should measure potential hazard from 
fecal pathogens that die out rapidly, or measure 
esthetics insofar as original contamination is concerned 
(Burton, 1949; Ingram, 1961; Johns, 1959). 

For products stored near the freezing point, a count 
of bacteria viable at 37 C would be valueless to measure 
quality or future shelf-life, but a count of cold-tolerant 
pseudomonads would have some meaning (Ingram, 
1961). Similarly, in foods causing Clostridium per- 
fringens (welchii) poisoning, aerobes may be present in 
very small numbers, whereas anaerobes may be very 


high (Hobbs, 1953). 


CURRENT STATUS OF STANDARDS AND 
HANDLING CoDES 


Food-handling codes are being developed. A partial list 
of food-handling codes that have been mentioned in the 
scientific literature is shown in Table 3. The code being 
discussed most generally now is the Frozen Food Han- 
dling Code published by the Association of Food and 
Drug Officials of the United States (AFDOUS) (Associ- 
ation of Food and Drug Officials of the United States, 
1959, 1960). This was promulgated by AFDOUS with co- 
operation of the National Association of Frozen Food 
Packers (Humphrey, 1959), not as a regulation, but as 
a guide for state and local legislation. The code has rec- 
ommended that frozen foods be held at or below 0 F, 
except for brief periods, from the time of original freez- 
ing until sold to the consumer. It also has made recom- 
mendations for design and construction of frozen food 
processing equipment. The State of Massachusetts 
recently passed legislation closely following the 
AFDOUS code, to take effect August 1, 1960 (Massa- 
chusetts Department of Public Health, 1959 (published, 
1960)), but this was postponed (Anonymous, 1960h; 
Hillery, 1960). A total of 29 states may eventually 
adopt the code in one form or another (Anonymous, 
19604). 

In June 1960, ten major frozen food associations 
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requested jointly that AF DOUS suggest to its 1» ombers 
deferment of any statutory or regulatory action on the 
code for 1 year, thus giving industry an opporti nity to 
demonstrate its ability to comply voluntarily. The 
frozen food associations have given this job to a Frogey 
Foods All-Industry Coordinating Committee ( \nony. 
mous, 1960a, f, g; Milleville, 1960). . 

The codes that recommend storage temperatiires fo: 
frozen foods are concerned less with microbial vrowth 
than with quality loss. Microbial growth usually ceases 
at about 14 F (Ingraham and Stokes, 1959), whereas 
quality loss of nonmicrobial origin continues at much 
lower temperatures. One principal problem of enforee. 
ment of these handling codes is that there are fey 
objective tools that can be used to determine time. 
temperature histories. Several authors have. suggested 
“thaw” indicators, some of which can integrate the 
time-temperature experience of a package, but an 
evaluation of their applicability is outside the scope oi 
this review. 

A few microbiological standards are now in use. Most 


states and localities have official bacteriological stand-f 


ards for fluid milk. This product is outside the coverage 
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of this review. In Canada, official federal microbiological 
standards have been adopted for ice cream, flavored 


milk, milk powder, frozen and dried eggs, tomatof 


products, shellfish, dehydrated vegetables, and gelatin 


(Gibbons, 1953; Thatcher, 1955). In 1959 the Cana-f 


dians replaced a coliform standard in eggs by the direct 


count, and eliminated standards on blanched frozen 


vegetables (Johns, 1959). Surprisingly enough, only 38 
states and only 24 of 87 cities surveyed in the United 
States in 1950 had any sanitary ice cream laws. The 
laws of only 19 states and the ordinances of 20 cities 
established bacterial count standards for ice cream 
Only 40% of the states and cities regulated counter 
freezers (Dahlberg and Adams, 1950). As late as 195 
bacteriological standards for cream used in ice creall 
were reported to be lacking in most areas of the United 
States (Adams, 1954). Information on recommended 
and existing bacteriological standards in ice cream 
found in Table 1 (see also Rothwell (1960) for a review 
on this subject). 

A section requiring bacteriological standards for 
frozen precooked foods is being considered for inclusio! 


in the AFDOUS food handling code (Association Of 
Food and Drug Officials of the United States, 195%P 


1960). A survey of plant sanitation and bacterial level 


was to be completed by June 1960 (Anonymous, 19609) 


(see also Table 1). Shelton et al. (1961) have reported 
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1 embers Bot al., 1958; U. 8. Quartermaster Food and Container 
1: On the institute, 1955) have announced tolerances and the 
‘Unity to [Estate of Massachusetts (Massachusetts Department of 
lv. The fpublic Health, 1959 (1960)) has promulgated official 
t Frozen Bpacteriological standards for precooked frozen foods 
( \nony- B (Table 1); other governmental agencies in the United 
States have not. Self-imposed industry standards and 
tires for Bempirical administrative tolerances set by enforcement 
| growth agencies are not usually mentioned in the scientific 
ly ceases Bliterature. 
whereas 
at much 
enforee- 
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ABSTRACT 


Kunz, Cu. (Hygiene-Institut der Universitat, Wien, 
Austria), AND H. KLAusHorer. Purity control of the 
production of baker’s yeast employing a fluorescent 
Appl. Microbiol. 9:469-471. 1961.—A 
simple staining procedure for the rapid detection of 


antiserum. 


wild yeasts contaminating baker’s yeast during the 
course of industrial production is described. Fluorescein- 
labeled, 
cerevisiae is applied to smears of baker’s yeast which 


specific antiserum against Saccharomyces 
are then examined by ultraviolet microscopy. Optimal 
results are obtained with the combined phase contrast 
and fluorescence which makes the S. cerevisiae appear 
green, Whereas cells of wild yeasts are visible in bright 
red counterstain. With this method, wild yeasts could 
be identified in baker’s yeast at a dilution of 1:10,000. 





Certain bacteria and molds as well as some species 
of nonculture yeasts may limit the fermenting efficiency 
and keeping properties of baker’s yeast. 

Krom the point of view of taxonomy (Lodder and 


van Rij, 1952) these so-called ‘‘wild yeasts” either 
belong to the ascospore-forming family of Endo- 


mycetaceae or to the Cryptococcaceae, which includes 
the asporogenous types (Table 1). 

well known 
Endomyces lactis, which forms a thin white layer on the 
surface of the yeast block; Rhodotorula glutinis, whose 


Among these species the most are: 


colonies may give rise to faint rose coloured stains on 
the yeast block, and some species of Pichia and Candida, 
which, if present in considerable quantities, lower the 
fermentative performance in dough. 

White (1954) pointed out that an unfortunate char- 
acteristic of some species of wild yeasts is the high 
reproductive rate in comparison to normal baker’s 
yeast. Therefore, even if a small dose of wild yeast 


| infects the baker’s yeast during the early stage of breed- 


| ing, the former may reach alarming proportions. 


The purity control of culture yeasts, particularly in 
factories already using continuous breeding methods, 


| is therefore extremely important. 


See ee 





A considerable amount of work has been done on the 
problem of detecting nonculture yeasts in the produc- 
tion of baker’s yeast and in breweries (Kunz and 


Klaushofer, 1959). However, no simple and reliable 
method has yet been found. 

A direct microscopic control for differentiating wild 
yeasts from culture yeast would be both rapid and 
simple. Unfortunately, this method is only possible if 
the wild yeast differs greatly from normal baker’s 
yeast in shape and size and is present in larger quanti- 
ties. Owing to polymorphism and variability usually 
found in yeasts, this will seldom be the case; an excep- 
tion being Endomyces lactis, which forms characteristic 
cylindrical athrospores. Better results are obtained 
when samples are cultured on solid media. Several of 
the wild yeasts can thus be distinguished from baker’s 
yeast by difference in the shapes of their colonies. How- 
ever, this characteristic takes 2 to 3 days to develop 
and is not reliable in all cases. Therefore, attempts 
have been made to find a medium which suppresses 
Saccharomyces cerevisiae and ullows growth of wild 
yeasts only. Buresova and Rach (1958), for example, 
have developed a medium which contains the anhy- 
dride of suecinie acid, betaine hydrochloride, mono- 
potassium phosphate, and magnesium sulfate. This 
medium permits growth of Pichia, Hansenula, and some 
Cryptococcaceae, but not S. cerevisiae. 

As shown in a previous paper (Kunz and Klaushofer, 
1959), we could identify several wild yeasts in the pitch- 


TABLE 1. Yeasts which injure the quality of baker’s yeast 





Family Endomycetaceae 
Subfamily: Endomycetoideae 
Genus: Endomyces Reess 

E. lactis (Fres.) Windisch 

Subfamily: Saccharomycetoideae 
Genus: Saccharomyces (Meyen) Reess 
S. exiquus Hansen 
Pichia Hansen 
P. membranaefaciens Hansen 


Genus: 


P. fermentans Lodder 

Family Cryptococcaceae 
Subfamily: Cryptococcoideae 
Candida Berkhout 
C. mycoderma (Reess) n. ¢. 
C. krusei (Cast.) Berkhout 
C. pelliculosa Redaelli 
C. utilis (Henneberg) n. ce. 
Rhodotorula Harrison 
R. glutinis (Fres.) Harrison 


Genus: 


Genus: 
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ing yeast of breweries with fluorescein-labeled antibodies 
‘oons et al., 1942; Coons and Kaplan, 1950). This 
method, which has been first successfully applied in 
medical mycology by Kunz (1958), offers the advantage 
that results are available within 1 hr. 


Other yeasts: 


0 C. KUNZ AND H. KLAUSHOFER 





The present paper deals with the use of specific, 


fluorescent antiglobulins for the rapid detection of wild 
yeasts in cultures of S. cerevisiae. 


MATERIALS AND METHODS 


Production of antiserum. Saline suspensions (3:100, 
v) of 48-hr S. cerevisiae cultures (Rasse Delft I) on 


Sabouraud agar were injected intravenously into a rab- 
bit which did not possess natural antibodies against 
any of the wild yeasts. The immunization schedule 


was as follows: 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 ml given 
on every fifth day. The rabbit was bled 7 days after 


TABLE 2. Staining of various yeast species 
with fluorescent antiserum 


Fluorescence* with an 
immune serum against 
S. cerevisiae Hansen 
Rasse Delft I 


Yeast species 


Culture yeasts: 
Saccharomyces cervisiae Hansen Rasse 


Delft I...... 

Yeast factory W. 

Yeast factory M strain 1. 
Yeast factory M strain 2 
Yeast factory A.... sa, RE 34- 


Nonculture yeasts belonging to the family 


of Endomycetaceae : 
Endomyces lactis . . reer _ 
Saccharomyces exiguus.... _ 
Pichia membranaefaciens........... _ 
Pichia fermentans ... - ats 


Nonculture yeasts belonging to the family 


of Cryptococcaceae : 
Candida mycoderma. ... a 
Candida kruset.. eae ae - 
Candida pelliculosat.............. _ 
Candida utilis..... rer — 
Rhodotorula glutinis Pike ete _ 


Saccharomyces cerevisiae 


soideus . . 


var. ellip- 
Saccharomyces cerevisiae Rasse Johan- 
nisberg I...... eae ee 
Rasse Johan- 
misperg §9..:.......... : 
Saccharomyces cerevisiae Rasse XII. 
Saccharomyces cerevisiae Rasse M. 
Saccharomyces cerevisiae Hansen (top 
fermenting yeast) sae : - 
Saccharomyces cerevisiae Hansen Rasse 
SS ae Se -- 


Saccharomyces cerevisiae 


*3+ = Strong specific fluorescence; — = 
+ After absorption. 


no fluorescence. 





[vou 


the last injection and the agglutinin titer forthe ‘omolp. 
gous organism determined (1:640). 

Preparation of labeled globulins. The globulin frap. 
tion of the serum was obtained by fractionation with 
40% saturated ammonium sulfate and labeled with 
fluorescein isothiocyanate, according to the 
described by Marshall, Eveland, and Smith (1958). 
To remove the unreacted fluorescein compound, dialysis 
of the conjugate against daily changes of phosphate. 
buffered saline (pH 7.2) was carried out for 7 days, I 
was not necessary to adsorb the conjugate with acetone. 
dried tissue powder, to avoid nonspecific staining. 

Staining. Thin smears from saline suspensions of §, 
cerevisiae mixed with various concentrations of wild 
yeasts were prepared on glass slides. They were air. 
dried, fixed with heat, and stained with the labeled J 
globulins in a moist chamber at room temperature for 
30 min. The excess of the conjugate was rinsed with 
buffered saline. The smears were gently washed in 
buffered saline for 10 min. They were then mounted in 
buffered glycerol (9 parts glycerol and 1 part saline, 
buffered at pH 7.0 with phosphate bufter). 

Fluorescence A Zetopan microscope 
equipped with the combined phase contrast fluores. 
cence equipment as described by Kunz, Gabler, and 


microscopy. 


Herzog (1961), was used for our study. 

This equipment consists of an ultraviolet-phase con- 
trast condensor, which permits work with positive or 
negative phase contrast (anoptral contrast) and the 
twin lamp unit ‘Binolux.’' The latter contains the 
200-w, high pressure mercury vapor lamp “HBO 200" 
as the source of ultraviolet light and an ordinary 30-w 
lamp as the source of visible light. The lamps can be 
used either alone or simultaneously, so that examina- 


1C. Reichert A. G., Wien, Austria. 





Fic. 1. Baker’s yeast and Pichia membranaefaciens stained 
with fluorescent antiserum against Saccharomyces cerevisia 
Cells of baker’s yeast near the center of the picture are sur 
rounded by a fluorescent margin. 
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tion of the field under visible and ultraviolet light can 
ihe made at the same time. 

A red filter in the visible light region acted as a 
counterstain for the nonfluorescent wild yeasts, when 
ianoptral contrast was employed. Filtration of ultra- 
Syiolet light was performed with the combination of 
ISchott-glass?> GG 9 (1 mm thick) and BG 12 (2 mm 
Shick) as exciter filter and Schott-glass GG 13 (4 mm 
thick) combined with Wratten® folic no. 2 B as a pro- 
Piective filter for the eyes. 

Photographs were taken on Anscochrome? artificial 
light film; the time of exposure varying from 1 to 2 
iin. 

RESULTS AND DIscUSSION 
p Antigen relationships presented difficulties when 
Hfuorescein-labeled antibodies were used in differen- 
itiating between cultures of wild and brewer’s yeast 
(Kunz and Klaushofer, 1959). As Table 2 shows, these 
icross reactions were of little importance in the case of 
baker’s yeast. Only Candida pelliculosa out of nine 
} wild yeasts reacted with the antiserum directed against 
S. cerevisiae Rasse Delft 
easily be eliminated by absorbing the conjugate with 
(', pelliculosa yeast cells, which did not reduce the 
staining quality of the labeled antiserum. 

Apart from the strains of baker’s yeast tested, the 
following S. cerevisiae cultures were stained by the 


I. This cross reaction could 


labeled antiserum: S. cerevisiae var. ellipsoideus, S. 
cerevisiae Rasse XII, 
two latter are used in alcohol production by fermenta- 
tion. In addition, S. cerevisiae Rasse Johannisberg, 
which as well as Rasse XII and M, is to be classed 
with S. cerevisiae var. ellipsoideus, was stained. Two 


and S. cerevisiae Rasse M; the 


nonreacting strains found were a strain of top ferment- 
‘ing brewer’s yeast and S. cerevisiae Rasse Batatae. In 
contrast to our previous investigations concerning the 
identification of wild yeasts in culture yeast from 
breweries, we have been able to produce in the course of 
‘this investigation a specific immune serum which 
jstained only cells of S. cerevisiae. Thus the fluorescent 

* Schott and Genossen, Mainz, Germany. 

‘Eastman Kodak Company, Rochester, N. Y. 

'Ansco, Binghamton, N. Y. 
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antibody technique can be used for discovering wild 
yeasts contaminating baker’s yeast (Austrian strains) 
without limitations. 

There was only one difficulty which, in the beginning 
of our experiments, seemed to limit the use of this 
method. In observing contaminated baker’s yeast stained 
with fluorescent anti-S. cerevisiae globulins, the cells of 
the wild yeast are hardly visible in the ultraviolet light. 
The reason is that wild yeasts show only a faint auto- 
fluorescence. Therefore, they can be overlooked par- 
ticularly if present in small quantities. 

When both light sources are used and positive phase 
contrast is employed, the specific stained cells of baker’s 
yeast are surrounded by a green margin, whereas cells 
of wild yeasts are black (Fig. 1). Best results are ob- 
tained if anoptral contrast is combined with a red filter 
in the visible light region. In this case, cells of wild 
yeasts appear in bright red counterstain. 
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ABSTRACT 


O’NEILL, THomas B. (U.S. Naval Civil Engineering 


Laboratory, Port Hueneme, Calif.), RicHarp W. 


Drisko, AND Harry HocuMan. Pseudomonas creosoten- 


sis, Sp. n., a creosote-tolerant marine bacterium. Appl. 
In a study of the marine 
biological environment in which creosoted pilings are 
located, a previously unreported species of bacteria 
was isolated. This species was detected on creosoted 
piling from 11 widely differing locations and was the 
predominant species of bacteria found on these piling. 
The new organism was identified as a gram-negative 
rod belonging to the genus Pseudomonas and has been 
been com- 
pletely described by the standard morphological and 


has 


biochemical tests. 





The destruction of wooden piling by marine wood- 
boring organisms has long been a source of great con- 
S. Navy. Pressure treatment of piling 
with creosote has been the most successful preservative 
system thus far developed. However, even when this 
system is used, early failure of piling occurs in some 
harbors. During the course of investigations of the 
marine biological environment of Hueneme Harbor, a 
previously unreported bacterial species was discovered 
which has an unusually high tolerance to creosote. Sub- 
sequent investigations revealed that this organism has 
a wide geographical distribution, and the present paper 


describes its isolation and characterization. 


MATERIALS AND METHODS 


One-quarter-inch cubes of southern yellow pine were 
subjected to 29 in. of vacuum for | hr and then steeped 
in varying concentrations (Table 1) of coal tar creosote 
in xylene for 4 days. Untreated cubes were used as 
controls. Several cubes from each creosote concentra- 
tion were grouped, and each group was placed in a 
wide-mouth bottle held in a wooden sampling rack. 
The rack was wrapped in paper, sterilized in an auto- 
clave, and, after cooling, submerged in Port Hueneme 
Harbor where the paper wrapping was removed. The 
sampling rack was suspended approximately 5 ft above 
the mud line in water approximately 18 ft deep at high 
tide and 8 ft deep at low tide. Port Hueneme Harbor is 
a landlocked harbor with a perimeter of 12,800 ft. The 





average water temperature during the period of say 
pling was 18.5 C. 

After 8 days of immersion, sterile glass stoppers wer 
placed in the bottles, and the rack was removed froy 
the water. The elaborate sterilizing and wrappix 
procedure was used to lessen the possibility of contam. 
ination by nonmarine organisms. At the -laboraton 
the cubes were aseptically removed and placed on y 
water nutrient agar. The interval between collectio 
and plating was less than 14 hr. The agar plates wer 
incubated at both 20 and 36 C. Isolation and grow! 
of pure cultures were later performed by  standai( 
streaking and dilution methods. 

To determine if existing creosoted piling possess 
characteristic microflora, trained personnel remove 
splinters aseptically from creosoted piling in variow 
parts of the world and submitted them to the Nava 
Civil Engineering Laboratory (NCEL) for examinatio: 

A maximum of 3 days elapsed between collecting au 
plating the specimens, except for the sample fron 
Guam which was plated 6 days after collection. Speci 
mens were collected from Boston Naval Shipyarl 
Charlestown, Mass.; Norfolk Naval Shipyard, Ports 
mouth, Va.; Key West Naval Station, Key West, Ila 
Coco Solo Naval Station, Colon, Panama Canal Zon 
U.S. Naval Station, San Diego, Calif.; Puget Sou 
Naval Shipyard, Bremerton, Wash.; Cook Inlet, Av: 
chorage, Alaska'; Pearl Harbor, Hawaii; and U.$ 
Naval Ship Repair Facility, Apra, Guam. 

A single form of bacterium predominated in all | 


the samples investigated. The following description 4) 


of the bacteria isolated from Port Hueneme Harbo! 
and, unless otherwise noted, the bacteria from oth 


! Mr. LaMar Hubbs of the Bureau of State Services, Are! 
Health Research Center, Anchorage, Alaska, supplied t! 
sample from Anchorage. 


TABLE 1. Creosote treatment of pine cubes 


Per cent by volume 


Average uptake of 
of creosote* i 


solution per cube 


Average retention 
of creosote 


g 1b/ft8 


20 0.116 5.7 
40 0.128 12.6 
60 0.135 19.9 
80 0.161 31.7 
100 0.166 40.8 


* The solvent, when required, was xylene. 
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locations display similar characteristics of taxonomical 
significance. 

The morphological and biochemical tests used in this 
study «are identical to those utilized by ZoBell and 
P Upham (1944). All media were prepared with aged? or 
eynthetic sea water® instead of distilled water, unless 
otherwise noted. 


EXPERIMENTAL RESULTS 


| §=Bacteria were isolated from all of the wooden cubes 
examined, both 
‘different species were associated with the uncreosoted 


creosoted and uncreosoted. Seven 
iwood, but only three different species of bacteria were 
lassociated with any one creosoted sample. However, a 
‘single species was common to all wood samples, both 
jeubes and splinters. It possesses the following char- 


acteristics : 


Morphological Characteristics 


tod forms, 0.4 to 1.5 by 0.7 to 7.5 uw, occurring most 
frequently as single cells, with short chains common. 
i Motility by a single polar flagellum (Fig. 1), no spores, 
sram negative. 

* Aged sea water is sea water filtered through an ultrafine 


Millipore filter (Millipore 
Mass.) and stored in a brown bottle for severel weeks before 


Filter Corporation, Watertown, 


use. 
3 Synthetic sea water was prepared according to Lyman and 
Fleming (1940). 
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FIG. 1. Bacterial cell with single polar flagellum stained ac- 
cordiny to Liefson. Magnification, 14,000X 





CREOSOTE-TOLERANT 


MARINE BACTERIUM 





Physiological Characteristics 


Growth in various media: 
Gelatin plate: colonies circular, 2 mm in diameter, 
convex, moist, colorless. 

Gelatin stab: slow stratiform liquefaction, beaded 
growth along stab, no pigment formed. 

Agar plate: subsurface colonies spindle shaped, ap- 
proximately 0.3 by 1.0 mm; surface colonies irregular, 
spreading, translucent, smooth, moist, colorless. 

Agar slant: good growth, glistening, filiform, unpig- 
mented although frequently becoming yellow or fluores- 
cent with age. 

Sea water broth: heavy turbidity, heavy viscid sedi- 
ment, membranous at surface. 

Fresh water (distilled) nutrient broth: slight growth. 

Litmus milk (prepared with distilled water): no 
growth. 

Potato slant: slow but heavy growth, filiform, cream 
colored to light vellow. 

Indole formation from tryptophan: positive. 

Nitrate reduction: positive. 

Carbohydrate reactions: produces acid but no gas from 
lactose, sucrose, glucose, cellobiose, maltose, mannitol, 
glycerol, and xylose. Does not ferment cellulose. The 
amount of acid formed during the fermentation of 
bacteria from Bremerton, Panama, San 
Diego, and Hawaii is very slight and the bacteria from 
Boston and Alaska do not ferment lactose. Glycerol is 
not fermented by the bacteria from Boston, Hawaii, 
and Alaska. Xylose is not fermented by the Boston 
form. The specimen from Guam forms acid and gas in 
glucose, sucrose, maltose, and mannitol. 


lactose by 


Starch hydrolysis: positive. 

Hydrogen sulfide formation: positive. 

Oxygen relationships: aerobic, facultative. 

Ammonia production: ammonia produced from pep- 
tone but not from urea. 

Casein digestion: negative. 

Saline relationships: grows in 12% sodium chloride 
(i.e., sea water nutrient broth to which 12% by weight 
NaCl was added) but not in 18%. Forms from Virginia 
and Hawaii grow in a 6% NaCl solution but not in a 
12% solution. 

Temperature relationships: optimum approximately 
30 to 35 C, although specimens from Boston, Bremer- 
ton, and Alaska grow best at 20 to 25 C. No growth at 
1 C. 

Creosote tolerance: Freshly collected Port Hueneme 
organisms grow in sea water nutrient broth containing 
1 % creosote, i.e., 10,000 ppm, but not in broth contain- 
ing 10% creosote. 

The organism is apparently a previously undescribed 
species of the genus Pseudomonas. Because of its toler- 
ance for creosote, a most distinguishing characteristic, 
the species name of creosotensis is proposed. 





DiscussION 


The present status of knowledge concerning marine 
bacteria is comparable to that in 1944 when ZoBell and 
Upham stated, ‘‘Although the factors which influence 
the distribution and activities of marine bacteria have 
been extensively studied, very little is known concern- 
ing the character of these organisms themselves. . . . 
The few marine bacteria which have been studied suffi- 
ciently to warrant the application of genera and species 
names have, for the most part, been described in ob- 
scure publications that are not generally available.” 

Fourteen years later, Wood (1958) stated, ‘“There has 
been considerable study of micro-organisms in the soil 
and, to some extent, in fresh water but those in the sea 
have received far too little attention when we consider 
the vast potentiality of the sea both as an adjunct to 
man’s survival and as the place of deposition of the 
major parts of the world’s sedimentary rocks and the 
minerals and ores contained therein.”’ 

The fifth edition of Bergey’s Manual of Determinative 
Bacteriology (Bergey et al., 1939) lists 86 marine bac- 
teria; 19 years later, as a result of the reclassification of 
previously described species and the discovery of new 
species, the seventh edition (Breed, Murray, and 
Smith, 1957) has only 117 marine bacteria listed. 

The entire concept of speciation in bacteria, as in 
other taxa, is subject to considerable question. Wood’s 
(1953) conclusions on speciation of bacteria are es- 
pecially pertinent and are supported by the present 
study. He frequently refers to the ability of most bac- 
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teria to become adapted to a wide range oi physio. 
logical environments. In the present study, the oy. 
ganisms from different locations demonstrat: varied 
optima of temperatures and salt tolerances ind ey. 
hibited slightly different fermentative abilitie-. Man, 


of these differences became manifest after p: longe( 
periods in the laboratory during which time msi sub. 


cultures were made. 
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Antimicrobial Activity of Some Higher Amine Salts of 
Carboxylic Acids 


ABSTRACT 


Borick, PauL M. (Bristol-Myers Products Division, 
Hillside, N. J.), AND Martin Bratr. Antimicrobial ac- 
tivity of some higher amine salts of carboxylic acids. 
Appl. Microbiol. 9:475-477. 1961.—Various higher 
amine salts of dicarboxylic and tricarboxylic acids were 
prepared and tested for antimicrobial activity in vitro. 

Although activity was present in all compounds 
tested, tetradecylammonium malonate showed the 
greatest activity with the widest spectrum. This com- 
pound was effective against gram-negative as well as 
gram-positive microorganisms, yeast, and fungi. 

A high order of microbiological activity was demon- 


‘strated with various higher amine salts of dicarboxylic 


and tricarboxylic acids, e.g., tetradecylammonium oxa- 
late, tetradecylammonium citrate, and so forth. Com- 
pounds tested exhibited a low order of toxicity. 





The antimicrobial activity exhibited by a series of 
fatty acid salts of aliphatic amines (Borick et al., 
1959; Borick and Wilson, 1959) induced us to continue 
studies on some of the higher amine salts of various 
carboxylic acids. Although numerous workers (Foster, 
1949; Nord and Vitueci, 1947; Borick, 1953) have 
shown that organic acids are produced by microorgan- 
isms, it has also been shown (Foster and Karow, 1945) 
that, at higher concentrations, these acids may, in 
themselves, be inhibitory. 

The chemical combinations of aliphatic amines and 
organic acids would appear to provide a relatively in- 
expensive source of germicidals as carboxylic acids are 
readily available through microbiological fermentations 
sind chemical synthesis as well as natural sources. 
Preparation of the aliphatic amines was described by 
Young (1944), 


} MATERIALS AND METHODS 


The salts prepared and tested microbiologically in this 
Rudy are listed in Table 1. Solutions of 0.1 mole of 
Wnyx tetradecylamine (TDA)? or Armeen 14D* and 
0.105 mole of the acid in a minimal quantity of ethanol 
)) ‘Present address: Rutgers University, Newark, N. J. 

* Onyx Oil and Chemical Company, Jersey City, N. J. 
* Armour and Company, Chicago, IIl. 
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were mixed. (Excess of acid was used to prevent forma- 
tion of the ditetradecylamine salts.) The salts pre- 
cipitated on cooling of the solution. In the case of 
malonate, however, the material was precipitated by 
the addition of several volumes of ether. The malonate 
was recrystallized from acetone, the citrate from n- 
butanol, and all others were recrystallized from eth- 
anol. The quaternary (lauryl trimethylammonium) 
malonate was prepared as a 5% solution in water. 
Bacteriostatic and fungistatic tests were conducted 
in broth using the twofold serial dilution method. The 
bacterial inocula were prepared by adding 0.1 ml of an 
18-hr culture from broth to physiological saline. Two- 
tenths milliliter of this inoculum was added to each 





TABLE 1. Tetradecylamine salts 








| Nitrogen — 
| Melting 
Acid | point of “i = 
salt Zz oy z 
e | 23| : 
ee aes - : : = 
Malonie 95.5-97 | 4.4 | 4.4) 317 | 309 
HOOC—CH.—COOH 
Succinic 110-120; 4.2 | 4.2) 331 | 318 
HOOC—CH.—CH.—COOH 
Oxalie HOOC—COOH | 140-142| 4.6 | 4.5] 303 | 282 
Itaconic 198.5-104| 4.1 | 4.0) 343 | 342 
HOOC—CH.—C—COOH 
| 
CH. 
Citric 178 4.5 | 4.5) 618 | 587 
OH 
HOOC—CH.—C—CH:—CO0OH 
| 
COOH 
Fumaric 170-180 5.2 | 5.1) 542 | 512 
HOOC—CH=CH—COOH 
Tartaric 115-116; 3.9 | 3.9} 363 | 400 


OH OH 


HOOC—CH 


—CH—COOH 
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Test organism source 


Micrococcus (Staphylococcus) aureus, 209P ATCC6538P . 
Streptococcus faecalis, laboratory isolate . ; 
Streptococcus pyogenes, strain Bochez, ATCC4543 
Lactobacillus casei, ATCC7469 

Candida albicans, ATCC10231 

Proteus vulgaris, ATCC9920 

Bacillus mycoides, ATCC10206 

Bacillus subtilis, ATCC9524 

Escherichia coli, ATCC9647 

Aerobacter aerogenes, ATCC9329 

Lactobacillus bifidus, ATCC4962 

Nocardia asteroides, ATCC3308 . 
Microsporum gypseum, strain 235, ATCC9083 
Trichophyton mentagrophytes, strain 666, ATCC9972. 
Pseudomonas aeruginosa, ATCC10197. 

Salmonella typhosa, PCD412, ATCC10243 
Micrococcus albus, ATCC151... 

Brevibacterium ammoniagenes, ATCC6811 

Alternaria sp., strain 1284, ATCC9100 
Pityrosporum ovale, ATCC10969. .. 

Lactobacillus delbrueckii, strain Colvert ATCC9649. 
Diplococcus pneumoniae I, ATCC6301 


test tube containing the desired concentration of test 
material. Bacteria were incubated at 37 C 
read after 48 hr. 

With fungi, a 7- to 10-day-old culture was scraped 
from an agar slant, added to saline, and homogenized. 
Two-tenths milliliter of the homogenate was added to 
the compound to be assayed (Reisner and Borick, 1955) 
and results read after 3 
temperature. 


and results 


days of incubation at room 


Pityrosporum ovale was grown on Emmons agar and 
a loopful added to 10 ml of physiological saline. Two- 
tenths milliliter of this suspension was then added to the 
test solution. After incubation, the highest dilution 
showing no growth was accepted as the end point. 

Snyder tests for acid inhibition by Lactobacillus casei 
were performed with tetradecylammonium oxalate and 
TDA succinate. The technique employed was that of 
Fosdick et al. (1953) with the following modifications: 
Test materials were in concentrations of 250 to 1,000 
mg per kg. One-hundred milliliters of each solution and 
2 g of casein‘ were shaken on a reciprocal shaker for 4 
min. The casein was then centrifuged and washed ten 
times with 25-ml aliquots of distilled water. The casein 
was then dispersed in shallow evaporating dishes and 
dried in a vacuum overnight. Ten-milliliter amounts of 
Difco Snyder® test agar were added to test tubes, 
sterilized, and maintained at 50 C until inoculation. 
One-hundred milligrams of the dried casein were added 
to each tube and 0.2 ml of an 18-hr culture of L. 
caset ATCC7469, 1:50 with 

4 Sheffield Chemical Co., Norwich, N. Y. 

5 Difeo Laboratories, Inc., Detroit, Mich. 


strain diluted normal 
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TABLE 2. Microbiological activities of certain carboxylic acid salts of tetradecylamine with 
in milligrams per 100 ml 
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minimal inhibitory concentrat stated 


Malonate | Succinate Oxalate Itaconate Tartrate Citrate imarate 
0.3 0.3 1.25 | 0.6 1.25 | 0.3 1.35 
0.6 0.3 1.25 0.6 1.25 0.6 1.25 
0.3 0.6 1.25 0.6 1.25 0.3 2.5 
0.0015 0.035 0.07 0.07 0.3 0.035 1.25 
0.6 0.035 0.07 0.07 0.15 0.035 0.3 
5.0 >20 >20 >20 10 >20 20 
0.6 0.035 0.3 0.15 1.25 0.15 0.6 
0.3 0.6 0.6 0.6 0.6 0.15 0.6 
10.0 >20 >20 >20 5.0 >20 20) 
1.25 0.6 1.25 1.25 5.0 1.25 20 
0.07 0.15 0.3 0.07 1.25 0.15 0.6 
5.0 2.5 0.3 1.25 5.0 1.25 0.3 
20.0 0.3 0.3 0.3 2.5 0.6 0.3 
1.25 0.07 0.3 0.15 2.5 0.3 0.3 
2.5 2.5 >20 >20 20 >20 20 
1.25 0.6 1.25 1.25 5.0 0.6 20 
0.3 0.15 0.15 0.6 0.6 0.07 0.6 
0.3 0.6 0.07 0.07 0.3 0.07 0.6 
1.25 0.6 0.3 0.15 2.5 0.6 1.25 
1.25 0.6 0.3 0.3 5.0 0.3 0.3 
0.0015 0.035 0.035 0.07 0.15 0.085 0.07 
0.3 0.6 0.6 0.6 1.25 0.6 1.25 


of Lactobacillus casei 


TABLE 3. Tests for acid inhibition 


Acid* 24 hr Acid 48 hr 
TDA oxalate (250 mg/100 ml) -- - 
TDA oxalate (500 mg/100 ml). = - 
TDA succinate (250 mg/100 ml) ~ - 
TDA succinate (500 mg/100 ml). - - 
Casein control + + 
Bacterial control + - 


* Yellow color in medium indicates presence of acid. TDA = 
tetradecylamine. 


tubes. Tubes were 
shaken to disperse the casein and immediately dropped 


saline, was seeded into the test 


into an ice water bath to harden the agar. Tubes wer 
incubated at 37 C and results read visually after 48 hr 


RESULTS 


The results obtained with chemical and microbio- 
logical tests are shown in the tables. Table 1 shows th 
summarized results of compounds prepared, theil 
melting points, molecular weights, and percentage oi 
nitrogen. Table 2 contains the results of the com- 
pounds when tested by the standard serial dilution test 
Although the results of these tests are activities of thi 
monotetradecylamine salts, the ditetradecylamine salts 
were also prepared and tested. Activities in gener! 
were similar to those obtained with corresponding mono- 
tetradecylamine carboxylates. We have also tested 
lauryl trimethylammonium malonate which showed : 
high order of microbiological activity. Monotetradecy! 
ammonium malonate particularly warrants attention, 
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‘The data in Table 2 show the minimal inhibitor 
Feentration in milligrams per 100 ml. 
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not only because of the high order of activity exhibited, 
but also because of its wide spectrum. Gram-negative, 
ys well as gram-positive, microorganisms, yeast, and 
jungi were inhibited at the concentrations tested. The 
maximal concentration tested was 20 mg per 100 ml. 
con- 


Table 3 shows the results obtained when two of these 


}compounds were tested by the Fosdick method for in- 
Phibition of acid production by L. casei. As can be seen, 


no acid was produced when two of these compounds, 
TDA oxalate and TDA succinate, were tested at con- 
centrations of 250 to 500 mg per 100 ml. This was also 
true at a higher concentration of 1%. 

The approximate oral LDs9 in mice of tetradecylam- 
monium malonate (material suspended in water) was 
>10 g per kg; that of TDA oxalate was greater than 5 
and less than 10 g per kg. 


DISCUSSION 


Microbiological activity was previously reported on 
fatty acid salts of various amines. Borick et al. (1959) 
showed that this activity was governed by both the 
amine and the fatty acid. Activity was shown to be 
present in fatty acids from 2 to 12 carbon atoms. In 
the various amine-carboxylic acids which we have 
tested, microbiological activity continues to be pres- 
ent. However, of the dicarboxylic and tricarboxylic 
acid salts of TDA tested, the tetradecylammonium 
malonate showed the highest activity with the widest 
microbiological spectrum. Since the chemical strue- 
ture of this material showed much similarity to that of 
other carboxylic acids tested, it was difficult to postu- 
late why better activity was exhibited by the tetradecyl- 
ammonium malonate than the other compounds. 

Differences in microbiological activity with similari- 
ties in chemical structures have long plagued bacteriolo- 
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gists and chemists who attempt to predict the type of 
activity that may be exhibited by a particular chemical 
structure. The fact that these differences in activity 
exist makes necessary the testing of vast numbers of 
compounds to demonstrate the activity of the indi- 
vidual compound. 
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ABSTRACT They belonged to the same biotype and serotype a 
certain cultures found by LeMinor et al. (1958) jy 
snakes captured in France. 

Since it now is apparent that Arizona types whic) In al 
ferment lactose rapidly are found occasionally in ou-[) bacteri: 
breaks of food infection, it becomes important to def) which — 
termine the frequency with which they occur in out.{ mediun 
breaks and sporadic cases of enteric disease and whether throug] 
they may be etiological agents in certain incidents, the} not do 
sause of which now is unknown. acid bi 
blacker 
lysine, 

It is obvious that if the incidence of such organismsis}. distinct 
to be determined, a method of selection of cultures by } the ind 
means other than failure to ferment lactose and sucrow{) and Pi 
must be used. From the work of Moeller (1954) and oP color tl 


— 


Epwarps, P. R. (Communicable Disease Center, 
Atlanta), AND Mary A. Fire. Lysine-iron agar in the 
detection of Arizona cultures. Appl. Microbiol. 9:478- 
480.—A lysine-iron agar is described and recommended 
for the detection of Arizona strains which ferment lac- 
tose rapidly. Black colonies which appear on bismuth 
sulfite agar should be transferred to the medium. Sal- 
monellae and Arizona cultures produce a distinctive 
reaction since they are the only recognized groups of 
enteric bacteria which regularly produce lysine de- MATERIALS AND METHODS 
-arboxylase rapidly and form large amounts of hydro- 
gen sulfide. Use of the medium is particularly recom- 
mended in the examination of specimens from enteric 
infections in which shigellae and salmonellae are not 








detected. Ewing, Davis, and Edwards (1960), it is known that thef) combin 
—- only recognized groups of Enterobacteriaceae, which} that wa 
When the Arizona group first was delineated 20 years regularly decarboxylate lysine rapidly and which pro. Citro 
ago (Peluffo, Edwards, and Bruner, 1942) it was thought duce hydrogen sulfide in sufficient amount to blackenf) alkaline 
to be made up exclusively of organisms which fermented peptone-iron-agar, are members of the Salmonella ant} product 
lactose slowly. It later became apparent that some mem- Arizona groups. Further, as a rule, Salmonella ani{) cens-D 
bers of the group fermented lactose rapidly but it was Arizona strains produce typical black colonies on bis} neutral 
not until LeMinor, Fife, and Edwards (1958) examined muth sulfite agar. By taking advantage of these factsf) tion of 
400 Arizona cultures isolated from snakes that it be- it is possible to use isolation plates and differenti:lf) observe 
came evident that active fermenters of lactose occurred media which contain no lactose or sucrose. One could}, regular 
very frequently. The cultures of LeMinor et al. (1958) of course, pick black colonies from bismuth sulfite agar} tures, } 
were selected without regard to action on lactose and, of and inoculate each one into tubes of lysine decarf) gas pro 
400 cultures isolated from snakes, 64% fermented lac- boxylase broth and peptone-iron agar and thus ¢e- Kleb: 
tose actively on overnight incubation. Many of these termine whether each colony produced lysine decar-f the me 
cultures produced red or pink colonies on MacConkey’s boxylase and hydrogen sulfide. Since this method sf) ening vy 
agar and deoxycholate-citrate agar and yellow colonies inconvenient, a lysine-iron agar was prepared so thath) Aerobar 
on brilliant green agar so that, in the usual examination both reactions were determined in the same tube. After y [Cloaca 
for enteric pathogens, their presence would have been a number of formulas had been tested, a medium with} alkalini 
overlooked. Further, many of these cultures, when the composition as listed in Table 1 was adopted. negativ 
transferred to triple sugar iron (TSI) agar slants, pro- Se ee ee ae Horma 
duced a pronounced acidity throughout the medium and ictal acid br 
failed to blacken it, although large amounts of hydrogen Bacto-peptone*.................... a 5.0¢ neither 
sulfide were formed as demonstrated by their action in Bacto-yeast extract*®.................. 3.0 } semble 
peptone-iron agar which exhibited typical blackening. a BR aig Pea Neen eee egy g did als 
Recently, through the courtesy of A. A. Hajna and 5: ahi joss: + : | failed t 
A. $8. Browne, Arizona cultures from outbreaks of food Sodium thiosulfate.................... 0.04 ¢ The 
infection in man were received. Lactose was fermented Bromcresol purple. ................ 0.02 g other 
rapidly by these cultures. The cultures from A. A. Agar......... PAPER RE ORES Hee Me 15.08 examin 
Hajna were of particular interest since they produced guetta si 4 000 mal DP alkalin 
acid colonies on isolation media, and completely acidi- a veut A il as which 





fied TSI agar slants with a suppression of blackening. * Difco Laboratories, Inc., Detroit, Mich. produc 
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The medium was tubed in amounts of 4 ml in screw- 
eapped tubes (100 x 13 mm), sterilized at 121 C for 12 
min, and slanted so as to provide a short slant and a 
deep butt. After cooling, the caps were closed tightly 
to prevent evaporation. The medium was inoculated 
with a straight needle by stabbing to the base of the 
butt and streaking the slant, just as TSI agar is inocu- 
lated. The caps were replaced loosely and the tubes in- 
cubated at 37 C overnight. 


LESULTS 


In all, 1,247 cultures of the various groups of enteric 
bacteria were inoculated into the medium. Organisms 
which produced lysine decarboxylase rapidly in fluid 
medium invariably produced an alkaline reaction 
throughout the agar medium, whereas those which did 
not do so produced an alkaline slant and a distinctly 
acid butt. Cultures which blackened TSI agar also 
blackened the lysine-iron agar. Due to deamination of 
lysine, Proteus and Providence cultures produced a 
distinctive appearance, a red slant over an acid butt. If 


) the indicator were omitted from the medium, Proteus 


and Providence cultures produced a distinct orange 
color throughout the slant and apparently it was the 
combination of this color and that of the indicator 
that was responsible for their unique appearance. 

Citrobacter (Escherichia freundiz) cultures produced an 
alkaline slant and an acid butt with blackening and gas 
production. Escherichia cultures, including the Alkales- 
cens-Dispar group, produced alkaline slants and acid or 
neutral butts, depending upon the speed of decarboxyla- 
tion of lysine. No blackening of the medium was 
observed and evidence of gas production appeared ir- 
regularly. Shigella strains, like Alkalescens-Dispar cul- 
tures, produced alkaline slants and acid butts without 
gas production or blackening. 

Klebsiella cultures produced alkalinity throughout 
the medium due to decarboxylation of lysine but black- 
ening was not observed. Gas production was irregular. 
Aerobacter aerogenes strains which ‘were lysine positive 
[Cloaca B of Hormaeche and Munilla (1957)] produced 
alkalinity throughout the medium, whereas _lysine- 
negative strains of Aerobacter cloacae (Cloaca A of 
Hormaeche and Munilla) produced alkaline slants and 
acid butts. Gas production by both was irregular but 
neither blackened the medium. Hafnia cultures re- 
sembled A. aerogenes in their action on the medium, as 
did also Serratia cultures, except that they uniformly 


| failed to show evidence of gas production. 


The action of 100 cultures of Salmonella typhi, 132 
other Salmonella serotypes, and 163 Arizona types was 
examined. The S. typhi cultures regularly produced 
alkalinity throughout the medium and all but one, 


| which also failed to show evidence of hydrogen sulfide 
production in other media, blackened the medium to a 
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greater or lesser extent. With few exceptions, other 
Salmonella serotypes and Arizona types gave similar 
reactions but, as would be expected, produced more 
intense blackening of the medium. Gas production was 
suppressed and only rarely was gas formation evident. 
Very rarely, Salmonella and Arizona cultures failed to 
produce hydrogen sulfide and even more rarely failed to 
give a prompt positive test for lysine decarboxylase 
(Edwards, Fife, and Ewing, 1956). Such cultures gave 
atypical reactions in lysine-iron agar. However, it 
should be emphasized that atypical cultures are the 
rare exception and that none of the other groups tested 
gave reactions resembling those of salmonellae and 
Arizona types, except very rare cultures of Citrobacter 
which possessed an active lysine decarboxylase. It is 
true that Salmonella paratyphi A is hydrogen sulfide 
negative and does not decarboxylate lysine rapidly, but 
one would hardly expect to isolate that type from 
bismuth sulfite agar plates, inoculated with stools of 
patients in outbreaks of acute food-borne infection, nor 
would shigellae be expected to develop on the medium. 
Further, bismuth sulfite agar plates are incubated for a 
longer period than such media as MacConkey, deoxy- 
cholate-citrate, and brilliant green agars. By the time 
the bismuth sulfite agar plates are examined, some evi- 
dence regarding the presence of shigellae, salmonellae, 
or staphylococci in a given episode should have been 
obtained and one should be able to judge whether a 
search for lactose-fermenting incitants was indicated. 

To recapitulate, it is known that Arizona strains, 
which ferment lactose rapidly, sometimes are found in 
food and patients in outbreaks of food-borne infection. 
If the importance of such organisms in outbreaks and 
sporadic cases of diarrheal disease is to be assessed, it is 
essential to employ a method of isolation and pre- 
liminary screening in which lactose fermentation is not 
involved. Since Arizona strains produce salmonella-like 
colonies on bismuth sulfite agar, and since salmonellae 
and Arizona cultures are the only delineated groups of 
Enterobacteriaceae which produce HS vigorously and 
produce lysine decarboxylase rapidly, it is suggested 
that black colonies on bismuth sulfite agar plates, in- 
oculated directly from specimens and from enrichment 
mediums, be picked to lysine-iron agar. In this way the 
presence of Salmonella and Arizona strains, including 
cultures which ferment lactose rapidly, can be detected, 
since they produce an alkaline reaction throughout the 
tube and blacken the medium. It is not meant to infer 
that other isolation media and TSI agar should not be 
used in the usual manner, because lysine-iron agar fails 
to distinguish between shigellae and many cultures of 
E. coli. However, if used as suggested, it should be useful 
in determining the role played by Arizona strains in the 
production of diarrheal disease. 
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ABSTRACT 


GYLLENBERG, H. G. (University of Helsinki, Hel- 
sinki, Finland), anp C. R. Hackman. A bacteriophage- 
lysing strain of Staphylococcus employed in the manu- 
facture of dry sausage. Appl. Microbiol. 9:480—-483. 
1961. 
strain of Staphylococcus lactis) employed in the manu- 


A bacteriophage of a certain Staphylococcus (a 


facture of dry sausage has been characterized. The host 
range of this bacteriophage is wide. In addition to the 
original host, 15 other strains (out of 40 strains tested) 
were found to support reproduction of the phage. The 
sensitive strains represented Staphylococcus sapro- 
phyticus and different types of S. lactis. 

The growth rate of the bacterial host did not in- 
fluence the rates of phage adsorption, nor the maximal 
reproduction rate of new particles. With increasing bac- 
terial growth rate, the ‘lag’ observed before phage re- 
production started was distinctly decreased. This phase 
was shorter with the original host strain than with other 
sensitive strains. 

Resistant cultures of the original host strain were 
sasily obtained. These cultures grew as rapidly and gave 
as good yields of cell mass as the original phage-sensi- 
tive host. However, phage resistance was frequently 
lost. 





Although rather extensive information is available 
concerning the bacteriophages of medically important 
staphylococci, very little is known about the phages of 
those staphylococci which are specifically connected 
with food technology. Certain strains of Staphylococcus 


lactis |the nomenclature proposed by Shaw, Stitt and 


Cowan (1951) is used in this report 





are particularly im- 
portant in the processing of dry sausage varieties that 
are dependent upon nitrate reduction for color develop- 
ment (Pohja, 1960b), and may thus be added at high 
levels to sausage. In experiments on large-scale culture 
of a suitable strain of S. lactis by continuous methods, 
sudden lysis of the cultures was frequently observed. It 
was realized that this phenomenon was due to the oe- 
currence of a specific bacteriophage, the general char- 
acteristics of which will be described in this report. 


MATERIALS AND Meruops 

The lytic effect was first observed in experiments 
carried out by R. Miller, Rudolph Miiller and Con- 
pany, Hamburg, Germany, and the active phage was 
isolated from a sample of lysed culture obtained from 
Mr. Miiller. The original host strain (strain 132) to- 
gether with 40 other strains representing different types 
of staphylococci of meat origin were received from M.S. 
Pohja, Research Laboratory of the Farmers’ Cooper- 
ative Packinghouses. Himeenlinna, Finland. 

For cultivation of the staphylococci, the following 


substrate was employed: Yeast extract (Difco), 3 g; 
glucose, 1 g; sodium citrate, 3 g; sodium chloride, 25 ¢ 


(in some experiments 50 g); potassium nitrate, 1 g; in 
1,000 ml of tap water (final pH 7.2). To give a solid me- 
dium, this substrate was supplemented with 15 g of 
agar. Continuous cultivation was carried out employing 
the equipment of Gyllenberg and Hackman (1960). For 
ordinary batch cultures, a 1-liter fermentor was used. 
In both cases, intense aeration and agitation of the cul- 
ture was applied. 


The bacteriophage was regenerated in cultures of 
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brain 132 grown in the liquid medium given above. 
Phage titers after filtration of the culture through 
Hvlass sinter (G 5, Jena) were determined by plaque 
> eounts, Which were carried out after incubation at 
7 C for 24 hr. To test the host range relationships of 


» the bacteriophage, a drop test on solid medium and tests 
in the liquid medium were performed in addition to 


> plaque counts. In the drop test, cells of the strain of 


| Staphylococcus to be tested were seeded in a top layer of 
the solid medium. A drop of undiluted phage suspen- 
sion was then placed on the surface of the medium and, 
after incubation, the plates were examined for bacterial 
growth at the place of the drop. In the liquid culture 
tests, the strain to be tested was inoculated together 
with the bacteriophage to the substrate. The tube cul- 
tures, Which were incubated at 23 to 25 C, were strongly 
aerated and examined for lysis during a period of 12 to 
18 hr after inoculation. 

Quantitative data concerning the adsorption of phage 
particles and the rate of phage reproduction were re- 
corded in experiments where the bacterial host strain 
was grown continuously. The host strain was grown at 
steady state at growth rates (= dilution rates) ranging 
from 0.08 to 0.3 doublings hr~! for a few days before 
phage suspension was added to give a phage titer of 
about 10° to 5 X 107 per ml. From samples taken during 
the experiments the following determinations were 
made: (1) ordinary colony count, (ii) total plaque count, 
and (ili) count of free phage particles (after filtration of 
the sample through a bacterial membrane filter). On the 
basis of the data obtained, the time required for ad- 
sorption of the free phage particles added, and the maxi- 
mal rate of phage reproduction were calculated. 

RESULTS 

(reneral characteristics of the bacteriophage. Strain 132 
was found very susceptible to phage attack during the 
exponential phase of growth. The phage titers of fil- 
trates from such lysed cultures were in the range of 10° 
to 10° lytic particles per ml. The pkaiques were close to 1 
mm in diameter, and developed well at room tempera- 
ture (20 to 22 C) and at 27 but not at 37 C. According to 
observations made with the aid of electron microscope 
(Fig. 1), the total length of the phage particles seemed 
to be somewhat less than 100 my, the diameter of the 
hexagonal head being about one third of the total 
length and the tail constituting two thirds. The lytic 
activity of filtrates was easily maintained by cold 
storage. During 6 weeks at refrigerator temperature 
(+ + C), no decrease in the titer of lytic particles could 
be observed. The bacteriophage in question was found 
to be highly sensitive to heat. Heating to 80 C com- 


) pletely destroyed the lytic activity in less than 60 sec. 


At 55 C, the decimal reduction time was found to be 
7.5 min; at 60 C, 2.5 min; and at 65 C, about 1 min 
(Fig. 2), 
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Host range. The question concerning the host range 
of this bacteriophage is of particular interest. As shown 
by Pohja (1960a), strains of S. lactis which may favor 
the processing of dry sausage are rather rare. As every 
screening procedure for favorable strains is laborious 
and time consuming, it would be valuable for this 
purpose to have at disposal a bacteriophage specific 
for potential ‘‘sausage staphylococci.” Accordingly, we 
tested the bacteriophage against 40 other strains of 
staphylococci of meat origin. 

It was found that 15 out of these 40 strains were 
affected by the bacteriophage in one or more of the tests 
applied for studying the host-range relationships. 
Except for strain 132, the material included 2 other 
strains which were regarded useful in the manufacture 





O.1ph 


FIG. 1. Ultrathin section of a cell with adsorbed phage particles 
(strain 132). Fixation: 2% osmic acid. Embedment: methyl 
metacrylate. Magnification, 94,000X. 
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of dry sausage. Both these strains were sensitive to the 
particular phage, but as 13 further strains were found 
susceptible, it may be concluded that this characteristic 
seems to be of minor significance in the screening for 
industrially useful strains. 

In a recent work, Pohja (1960b) has divided the cocei 
of S. lactis type originating from meat products into 
several subgroups. It was interesting to note that in our 
experiments no one of the strains representing Pohja’s 
subgroups a (2 strains were tested), b (3 strains), e (1 
strain), 7 (6 strains),and/ (1 strain) were attacked by the 
phage. On the other hand, the strains of subgroups d 
(5 strains), f (1 strain), g (1 strain), and k (1 strain) 
were all susceptible. Among 8 strains belonging to 
Pohja’s subgroup c, 3 were lysed by the particular bac- 
teriophage. In addition, the 5 strains representing 
Staphylococcus saprophyticus were all sensitive to the 
phage, which suggests a close relationship between S. 
saprophyticus and certain subtypes of S. lactis. The 
single strain which represented Staphylococcus aureus 
was resistant, and 6 strains belonging to nonfermenta- 
tive types of micrococci showed no sensitivity. 

Quantitative experiments on phage adsorption and re- 
production. Preliminary observations suggested that 
even cultures of susceptible strains might remain un- 
lysed if the actual growth rate of the host was low at the 
time of introduction of phage material into the culture. 
It was also recognized that, although several strains in 
addition to the original host (strain 132) were sensitive 
to the phage, cultures of these strains even under simi- 
lar conditions were lysed much slower than those of 
strain 132. To obtain more exact information on these 
points, some experiments employing continuous cul- 
ture were performed. 

The results presented in Table 1 indicate that no sig- 
nificant differences were found in the adsorption rate 
of the phage particles with the two bacterial host strains 
employed, nor were differences observed at varying 
growth rates of the hosts. A similar conclusion seems to 
hold true also when the highest rates of phage repro- 
duction observed during the tests are evaluated. There 
occurred, however, distinct differences in the time 


TABLE 1. Quantitative data concerning the adsorption of free 
phage particles and phage reproduction in experiments with 
two different host strains and at different growth rates of 
the hosts 


Time elapsing 
Maximal rate of | before actual 
phage | phage reproduc- 
reproduction tion was 
observed 


Growth rate 
(= dilution 
rate) during 
experiment 


Time required 

for the adsorp- 
tion of the phage 
particles added 


Host strain 


doublings hr™ min doublings hr~ hr 


132 0.08 56 1.72 1-2 
132 0.20 58 1.55 <1 
115 0.08 56 1.34 >4 
115 0.17 52 0.88 2-4 
115 0.27 53 0.52 1-2 
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elapsing (from the introduction of phage) befor: actu] 
reproduction of the phage was demonstrable. Tie gep. 
eral conclusion was that this “latent period” w..s cop. 
siderably shorter for the original host (strain 13°’) thay 
for the other strain tested (strain 115), thus resu!: ing in 
earlier lysis of the cultures. It also was found that this 
“lag” in phage reproduction decreases with inc: casing 
growth rate of the host. This phenomenon was observed 
with both the strains tested. 

Characteristics of phage-resistant cultures of strain 132, 
Secondary growth due to the development of phage 
resistance was observed frequently with strain 132, 
With certain other strains, secondary growth occurred 
regularly and often so early that the clearing up of the 
substrate due to phage activity could be observed only 
during a few hours. The phage-resistant cultures thus 
obtained were compared with the original phage-sensi- 
tive cultures, especially as to the growth rate and the 
total yields of cells. These figures were found to be 
rather similar with both phage-sensitive and phage-te- 
sistant cultures, respectively (Table 2). Only with re- 
gard to the changes in pH in the growth medium a clear- 
cut difference was found in experiments with strain 132 
Whereas a rapid rise in the pH up to final values of 7.8 
to 8.2 was recognized for the original phage-sensitive 
culture, a distinct initial fall in the pH was character- 
istic for the phage-resistant culture (Fig. 3). This may 


TABLE 2. Yields of cell mass in phage-sensitive and 
phage-resistant cultures of strain 132 


Experiment Culture Fm aoc Colony count 
- g/liter ¥ ‘willions m 
I: 24 C/48 hr Sensitive 0.49 190 
Resistant 0.60 110 
II: 24 C/27 hr Sensitive Te 4 
Resistant 1.10 
III: 32 C/27 hr Sensitive 1.12 1100 
Resistant 1.23 1170 
br PHAGE SENSITIVE Pa 
° 
Fh ef ml omen) 


ue | 


PHAGE RESISTANT » 
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FIG. 3. Changes in the pH of medium during growth of phage 
sensitive and phage-resistant cultures of strain 132. 
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point to differences in the utilization of citrate by the 
cultures. 
The results presented above indicate that phage-re- 


” 


sistant cultures of the “sausage staphylococci,’’ com- 
pared with the original phage-sensitive cultures, give 
equally good yields of cell mass, and may obviously be 
used in industrial large-scale culture to avoid losses in 
yields caused by bacteriophage contamination. It was 
found, however, that a reversion to phage sensitivity 
frequently took place in phage-resistant stock cultures 
during conventional storage. 


DISCUSSION 


In the present investigation mainly practical aspects 
concerning the topical bacteriophage were taken into 
consideration. In large-scale propagation of bacteria, 
phage contamination may originate either from the sub- 
strate and utensils or is introduced with the air needed 
for aeration. As the heat resistance of this particular 
bacteriophage is weak, no extraordinary treatment of 
substrates or utensils may be necessary to control con- 
tamination. Control of contamination due to the air 
seems to be a much more difficult problem. It is known 
(Humphrey, 1960) that, above a critical point, in- 
creased air velocity in fibrous filters improves the effi- 
ciency of the filtration process when the removal of bac- 
terial cells is concerned. On the contrary, however, 
smaller amounts of phage particles are removed when 
the air velocity increases. Filtration at high air veloci- 
ties, although otherwise effective, thus introduces an 
actual danger of phage contamination. 

As the host range of this particular phage is wide, the 
possibilities of overcoming contamination by changing 


BACTERIOPHAGE-LYSING STRAIN OF STAPHYLOCOCCUS 


483 


the bacterial strains from one batch or run to the next 
may be limited. On the other hand, phage-resistant 
cultures are easily obtained and may be used as they 
give yields similar to those of ordinary phage-sensitive 
cultures. When the propagation is carried out con- 
tinuously, phage activity can be prevented to some ex- 
tent by regulating the bacterial growth rate to a low 
level, but slow bacterial growth rates also would di- 
minish the gain of any propagation process. 
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ABSTRACT 


Taytor, WELTON I. (Swift and Company, Chicago), 
AND JoHN H. Situiker. Isolation of salmonellae from 
food samples. IV. Comparison of methods of enrich- 
ment. Appl. Microbiol. 9:484-486. 1961. 
of various methods of enhancing of 
Salmonella isolations revealed that inoculation of a 
second enrichment broth, with culture from the first, 
was no improvement over the single direct enrich- 
ment method. It was inferior to centrifugation. 

Selenite was observed to produce more positive iso- 
lations at 48 hr than at 24. No change occurred in tetra- 
thionate. Reconstitution of dried albumen with water 
produced a significant increase in isolations over direct 
inoculation of enrichment broth in the case of tetra- 
thionate but not selenite broth. 

Pre-enrichment in lactose broth before inoculation of 
enrichment media was vastly superior to reconstitution 
in water for both enrichment broths. A comparison of 
results obtained using dulcitol, mannitol, lactose and 
‘-arbohydrate-free purple broths in pre-enrichment in- 
dicated that the carbohydrate added was immaterial. 


A comparison 
frequency 





Potential solutions to the analytical problems posed 
by the needs for enumeration of small numbers of 
salmonellae from food samples have been presented in 
sarlier publications of this series. Factors involved in the 
rationale governing the choice of media and both their 
experimental and empirical performances were dis- 
cussed (Taylor, Silliker, Andrews, 1958), as were the 
merits of a methodology employing centrifugation 
(Silliker and Taylor, 1958). During the latter investiga- 
tion, the inhibitory abilities of the enrichment broths 
were amply demonstrated. However, the possibility 
suggested itself that the debilitated condition of the 
salmonellae which have survived the rigors of the 
processing of eggs might make quantification impossible 
in inhibitory media. Several approaches for solution of 
the problem were considered. Would transfer of growth, 
from one enrichment broth to the other, aid in initiating 
growth for organisms static in the original broth? Would 
reconstitution in water add impetus to the initiation 


' Present address: Children’s Memorial Hospital, Chicago, 


Il. 
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strable at 24 hr be isolated at 48 hr, perhaps, due to an 
extended lag phase? Would a noninhibitory medium be 
desirable for reconstitution of the product? In the eur. 
rent investigation, a variety of such tests, critically 
analyzed, will be presented. 


grow W 
utilizin: 
centrift 
materi: 
there W 
dual tr 
gation 

It he 


egg sal 


MATERIALS AND METHODS 


The two enrichment broths used in the experiments 
were cystine-selenite broth (North and Bartram, 1953) 





ses : ‘ seem | 
and brilliant green-tetrathionate broth (McCullough tit 
“ ‘ consti 
and Byrne, 1952). Phosphate-buffered water was used 1955) 
: ae .. (1955 
as a diluent and for reconstitution (APHA, 1958). Car- 7 
° sae ° egg as 
bohydrate pre-enrichment broths were 0.5% sugars in| “ 
1 © tated s 
purple broth base. The control was purple broth base. | Nor 
te ‘ Nor 
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the equipment described previously (Silliker and) lati 
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Taylor, 1958). Zz: 
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Incubation of enrichment broths, pre-enrichment or 7 


water-reconstituted samples was at 37 C for 18 to 24 hr — 
unless otherwise stated. The plating medium was brilli- > ch 
ant green agar. Generic identification of Salmonella- a 
suspect colonies was performed using dulcitol lactose Je 
iron agar slants (DLI) (Taylor and Silliker, 1958), and 7 h a 
the ninhydrin test (Carlquist, 1956). Lactose-negative, | — i 
dulcitol-positive, H.S-positive, ninhydrin-positive or- ea 
yanisms were assumed to be salmonellae. Naturally ot ¢ 
not all Salmonella serotypes exhibit all of these char- pow 
acteristics, but many that do not, such as S. paratyphi 
A or S. typhosa, are not found in processed foods. The ane 
fact that pooled, blended product produces a multi |)... 
plicity of serotypes in any given sample increased the 

odds immeasurably that biochemically atypical fo 

types will not occur alone. } 

The following experiments were conducted with dried | Selenit 
egg albumen known to be naturally contaminated with |) 
salmonellae; no stock cultures were used. Tetrat 

RESULTS AND Discussion : 

The most probable number (MPN) method of Sal- | | 
monella enumeration is based on qualitative positive ; 
isolations from quantitative inocula, the numerical) >“ 
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Neither 


and tetrathionate, are different. 
growth of all salmonellae (Schneider, 1946; Banwart 


supports 


and Ayres, 1953). It would seem that if one sample 
aliquot were used, but that the first enrichment broth 
furnished the inoculum for the second broth, one might 
find a higher yield in Salmonella-positive isolations than 
before, because (i) coliforms or other non-salmonellae 
would undergo a second inhibition, thus further in- 


' creasing the proportion of salmonellae in the enrich- 


ment aliquot, and (ii) the occasional Salmonella sero- 
type inhibited by the first enrichment broth might 
erow well in the second. The results of experiments 
utilizing this principle were compared with concomitant 
centrifugation of the same Salmonella-contaminated egg 
material in Table 1. The net observable effect was that 
there was no statistically significant difference between 
dual transfer and direct inoculation and that centrifu- 
gation was far superior to both. 

It has been observed by some investigators that dry 
egg samples inoculated directly into enrichment media 


+ seem to produce fewer salmonella isolations than re- 


constituted egg samples. Byrne, Rayman and Schneider 
(1955) reported that 2 hr of soaking and shaking of the 
egg as a 10% suspension in sterile distilled water facili- 
tated salmonella recovery. 

North (1961) used lactose broth for pre-enrichment 
and ascribed an increased frequency of salmonella iso- 
lation to its use. These investigations prompted the ex- 
periments comparing direct and_ pre-enrichment 
methods of analysis. 

To reduce sampling error, which is often a factor of 


) great magnitude when dried, naturally contaminated al- 


bumen is used, a homogeneous inoculum was prepared 


) by making a 10% solution which was then mechanically 


shaken for 15 min. Replicate aliquots analyzed in four 


separate trials produced results as shown in Table 2. 
| Streaking of 24-hr and 48-hr selenite aliquots revealed a 
) significant increase in positive isolations. Tetrathionate 
' did not. Incubation of the sample in buffered water was 
no improvement over direct inoculation into selenite, 


TABLE 1. Positive Salmonella isolations from 6 albumen samples 


: Steen Centrifuga- 
Control Dual enrichment ‘tion (Cent.) 


Selenite (S) 1/54* S-S 2/54 8/54 
S-T 0/54 

Tetrathionate 13/54 (T) T-S 12/54 31/54 
TT 


ISOLATION OF SALMONELLAE FROM FOOD. 


17/54 


IV 485 
but was significantly better in tetrathionate. Incuba- 
tion for 24 hr in lactose broth before tetrathionate and 
selenite enrichment produced the greatest number of 
positive salmonella recoveries, however. 

Since both prolonged incubation in enrichment broths 
and pre-enrichment in lactose broth had shown promise, 
experiments were devised to determine whether greater 
incubation times and a wider selection of carbohydrates 
might improve these techniques. 

Replicate samples of the same albumen produced the 
maximal number of salmonella-positive cultures in 72 
hr although they were streaked daily for more than 1 
week (Table 3). Purple sugar broth produced best re- 
sults by far, and no preference for a carbohydrate was 
demonstrated in these trials. Tetrathionate, which has 


TABLE 2. Direct and pre-enrichment methods of analysis 


Direct inoculation Pre-enrichment 


Water 


Selenite (S) Tetrathionate (T) Lactose 
24 hr 48 hr 24 hr 48 hr | Selenite a: Selenite a 
25/50 | 36/50 | 2/50 2/50 | 17/40 | 13/40 | 30/40 | 36/40 
Analysis: Chi-square 
x P value _ 

So4 vs. Sus 25/50-36 /50 4 2 <0.05 
Soa VS. Swater 25/50-17/40 0.2 0.6 
Sos VS. Siactose 25/50-30/40 | 4.8 <0.05 
"Teg VR. 2 water 2/50-13/40 11.0 <0.001 
Paci VRs Diacton 2/50-36/40 63.9 


<0.0005 


TABLE 3. Comparison of direct and pre-enrichment options 


Selenite (S) Tetrathionate (T) 


nN 
- 
~ 
nN 
te 
R= 
~ 
nN 


5/40 6/40 


Purple sugar broths 


Dulcitol (D) 


Control Lactose Mannitol 
Ss i 3 S 3 S iy 24 S T 
24/40 | 39/40) 24/40) 32/40 25/40) 39/40} 16/20) 24/40) 39/40 


\nalysis: Chi-square, 4-fold table, Yates correction 
| of Sal- | ead 





i x? P value 
positive @ | 
‘ical > VS: 5-5 1/54-2/54 0.000 0.99 
americal & , : ; teen 9 
tin © 1/54-8/54 4.34 <0.05 
al table Tvs. 1-7 13/54-17/54 0.41 0.5 
ection of f% Tvs. Cent. T. 13 /54-31 /54 


11.10 
selenite 7 : ne ay eee 


<0.001 
#) ~*~ Number positive/total number. 








So4 vs. 5 2 
So vs. S 


control 
Soa vs. Dog 

1 ah 

To, vs. Ty. 


I 
Tx Vs. ] Jog 


" ry 
Scontrol VS. Vc 


ah 
Deontrol 


ntrol 


Analysis: Chi square 


4/40-5/40 
4/40-24/40 
4/40-16/20 
4/40-6/40 
4/40-39/40 
4/40-16/20 
24/40-39/40 


x? 

0.0 
19.8 
29.4 

0.1 
29.1 
29.4 
14.6 


P value 
0.99 
<0.0005 
<0.0005 

0.7 
<0.0005 
<0.0005 
<0.0005 


















































486 





W. I. TAYLOR AND J. H. SILLIKER 


proven more inhibitory to both salmonellae and coli- LITERATURE CITED 
forms upon direct inoculation, emerged as the en- American Public Health Association. 1958. Reco: iendeg 
richment medium of choice after pre-enrichment in methods for the microbiological examination «foods. 
nonselective broths. It is noteworthy that dulcitol New York. 
preenrichment broth, streaked directly after 24 hr, RN; 85S — f prametnes fer tho gennttint ve al 
: s 4 mation of Salmonella in dried egg products. Foo! Tec} 
produced more salmonellae than did the direct inoc- nol. 3:172-176. 
ulum enrichment broths (16/20 vs. 4/20). Banwart, G. J., anb J. C. Ayres. 1953. Effect of various 
Both pre-enrichment in nonselective media and cen- enrichment broths and selective agars upon the growth of 
trifugation are significant improvements over the direct several species of Salmonella. Appl. Microbiol. 1:296-30), 
inoculation of salmonella-containing albumen samples Brenc, A. F., M. M. Rarman, ano M. D. ScuNeiwEn. 1955. 


Methods for the detection and estimation of nunibers of 


into tetrathionate and selenite broths. Although tetra- Salmonella in dried eggs and other food products. Appl 


thionate is clearly marked as the medium of choice after Microbiol. 6:368-372. 

pre-enrichment, no such clear-cut preference may be Cariauist, P. R. 1956. A biochemical test for separating TAY 

made in direct inoculations. In direct inoculations, paracolon groups. J. Bacteriol. 71:339-341. Chicag 

usually one will be superior in one experiment and the ees, S.A ee. Reon. AB. Beletin Vy Det 
efficiency of different culture mediums in isolation of j 


other will prove superior in the next. This is borne out seckehs watailiane ok te Eedumeaiie cee. 5. Tolectinn 4 8A 


in the three tables shown: In Table 1, tetrathionate is Diseases 90:71-75. Comp: 
clearly the better; in Table 2, selenite is superior; in Nortu, W. R. 1961. Lactose pre-enrichment method for P may b 
Table 3, they are equal. In the years of experience we isolation of Salmonella from dried egg albumen. Its us ices 
have had with these media, we have vacillated with the in @ survey of commercially produced albumen. Appl f os 
ed oe . : ; Microbiol. 9:188-195. of sam 
latest modification of each medium. Fora given sample, Norru, W. R.. anp M. T. BaRTRAM. 1953. The efficiency of & reveal: 
where replicates are analyzed using both media, some selenite broth of different compositions in the isolation of The 
conclusions may be drawn just from the appearance of Salmonella. Appl. Microbiol. 1:130-134. in repl 
the streaked plates; from selenite, the ratio of sal- ScuNewweER, M.D. 1946. Investigation of Salmonella content statist 
monellae to coliforms is much lower so that relatively powdered whele ogg with not more than two porate. 


f | il eat i? SR cides moisture content. II. General survey on occurrence of 
WwW SE tia colonies are found per plate, suggesting a é rege : i e 
Pr ae oe oe oe pe, ee species of Salmonella in high-quality egg powder. Food bumet 


that an unknown number of positive samples could be Research 11:313-318. probal 
missed simply because plates having but few colonies of Siturker, J. H., ano W. I. Tayzor. 1958. Isolation of The 
noncoliform appearance may be overlooked by techni- salmonellae from food samples. II. The effect of added f pears 
cians (Taylor, 1958), or that the ratio is such that all ries manee apn tne porformance of enrichment broths. sieeal 
: # Appl. Microbiol. 6:228-232. 
colonies are coliforms, although there may be  sal- Taytor, W. I. 1958. A simple, rapid technic for increasing purple 
monellae in the broth aliquot. Tetrathionate, con- the recognition of salmonella-suspect colonies. Am. J.) media 
versely, is characterized by positive plates almost Clin. Pathol. 30:361-363. The 
totally comprised of salmonella colonies, but, since Tartor, W. L., anp J. H. Siviiker. 1958. Isolation off ooylay 
. : : leas salmonellae from food samples. III. Dulcitol lactose : 
tetrathionate is obviously more inhibitory to all organ- iron agar, a new differential tube medium for confirmation transi 
isms, one feels that, when a sample has but few sal- of microorganisms of the genus Salmonella. Appl. Micro and s 
monellae in it, ‘no growth” plates may frequently biol. 6:335-338. salmoi 
occur. Our conclusion was that accuracy was best Taytor, W. L., J. H. Striker, ano H. P. ANDREws. 1958 
: : : ‘ 2 Isolation of salmonellae from food samples. I. Factors 

obtained with duplicate samples using both media; use affecting the choice of media for the detection and enumer- The 
of either alone must be considered a calculated risk. ation of Salmonella. Appl. Microbiol. 6:189-193. securi 
tions 

(Tayl 

ment 

With ¢ 

preset! 

meth 

fore 

methe 

albun 

Nat 

many 

mech; 


the 





I 





VOL. 9 


1ended 


foods. 


e esti 
Tech 


various 
wth of 
206-301, 
R. 1955, 
hibers of 


s. Appl. 
parating 


Relative 
lation of 
nfectious 


thod for 
Its use 
1. Appl 


ciency of 
ation of 


a content 
» percent 
rrence of 


r. Food § 


lation of 
of added 
it broths. 


ncreasing 


Am. J. 


lation of 


1 lactose F 


firmation 
»1. Micro 


vs. 1958. 

Factors 
d enumer- 
x 





3 


Isolation of Salmonellae from Food Samples 


VY. Determination of the Method of Choice for Enumeration of Salmonella 


WELTON I. Taytor 


Children’s Memorial Hospital, Chicago, Illinois 


Received for publication February 20, 1961 


ABSTRACT 


TayLtor, WELTON I. (Children’s Memorial Hospital, 
Chicago). Isolation of salmonellae from food samples. 
V. Determination of the method of choice for enumera- 
tion of Salmonella. Appl. Microbiol. 9:487-490. 1961.— 
Comparison of three methods by which salmonellae 
may be isolated and enumerated from dried albumen, 
direct inoculation of enrichment media, centrifugation 
of samples, and pre-enrichment in noninhibitory media, 
reveals pre-enrichment to be the method of choice. 

The superiority of pre-enrichment manifests itself 
in replicate aliquots of the same sample by producing a 
statistically significant increase in numbers of isolations 
of salmonellae and in empirical use with various al- 
bumen samples by consistently higher values of most 
probable numbers (MPN). 

The primary factor involved in this superiority ap- 
pears to be the greater ability of small numbers of sal- 
monellae to initiate growth in the nonselective mannitol 
purple sugar broth than in the inhibitory enrichment 
media. 

The method of analysis recommended entails in- 
oculation of mannitol broth pre-enrichment medium, 
transfer of 24-hr culture aliquots to tetrathionate broth, 
and streaking on brilliant green agar for isolation of 
salmonellae. 





The effectiveness of pre-enrichment as a method of 
securing a greater number of positive Salmonella isola- 
tions from albumen samples has been established 
(Taylor and Silliker, 1961). Likewise, a similar improve- 
ment over direct inoculation was shown to be possible 
with centrifugation (Silliker and Taylor, 1958). In the 
present experiments comparison is made of all of the 
methods for the detection of salmonellae used hereto- 
fore and of combinations of them to determine the 
method of choice for use in the analysis of foods such as 
albumen. 


MATERIALS AND METHODS 


Naturally contaminated dried albumen samples from 
many sources were used. Reconstituted albumen (10%), 
mechanically shaken to reduce sampling error, was 
the inoculum for pre-enrichment broth, enrichment 
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broth, or water for centrifugation. All Salmonella isola- 
tions, therefore, were from those naturally occurring 
strains which had survived the processes used in the 
manufacture of dried albumen. No stock cultures were 
used. 

Cystine-selenite F broth (selenite) and brilliant green- 
tetrathionate broth (tetrathionate) were the enrich- 
ment broths used. Mannitol (0.5%) purple sugar broth 
was used for pre-enrichment, and sterile buffered water 
for centrifugation. 

When pre-enrichment medium was used, an aliquot 
of 0.2 ml of the 18 to 24-hr growth was transferred to 
10-ml tubes of enrichment broth. After incubation, 
briliant green agar was streaked for isolation of sal- 
monellae. Suspect Salmonella colonies were picked to 
dulcitol lysine lactose iron agar, a newer modification of 
dulcitol lactose iron agar (Taylor and Silliker, 1958), 
and a modified lysine broth (Falkow, 1958). These 
media established the biochemical identity of the sal- 
monellae through fermentation of dulcitol, HS pro- 
duction, and lysine utilization and have been proven 
by serological typing by the State of Illinois Public 
Health Laboratories, Chicago, to be valid indices of 
generic identification in over 98 % of the more than 300 
cultures submitted to typing procedures. The formulas 
are given in Tables 1 and 2. The pH of solution A (Table 
1) is adjusted to pH 7.3 with NaOH. Solution B is 
heated to dissolve the ingredients and 2 ml added to 
screw-capped tubes (16 xX 125 mm). Aluminum foil- 


TABLE 1. Composition of dulcitol lysine lactose iron agar 





Dulcitol lysine lactose iron agar 





Solution A (slant) 


ee ES aS a RCER, Ps Pe Meee ene Beem | 5g 
L-Lysine monohydrochloride.............. | 5g 
MAG LRM ec ssc Sychartesec Miele iror eae Ciera ees | 2¢g 
RE RIIIN cen eke Aesth errr ee eee erence on 0.lg 
Ferrous sulfate, anhydrous............... | 0.2 ¢g 
Sodium thiosulfate, anhydrous........... | 0.3¢ 
PM oo ch etn Seok ast foxes Gs opsl ar eka ao ee 15g 
Phenol red (2.5% aqueous soln)..........| 1 ml 
WRAIER COBTIN ON eect awd See delle ce ees 1 liter 
Solution B (butt) 
Phonoliredsagar base sie. ..6:5:5<0ch scenes oe 30 g 
Becsate cissctte ap elite lap oees 1 liter 


Water, distilled 
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covered baskets of uncapped tubes are autoclaved and 
allowed to solidify. Solution A is sterilized in a flask and 
dispensed aseptically from a sterile separatory funnel 
or by means of an automatic pipetting machine with a 
sterile syringe-valve assembly, 3 ml per tube. Tubes are 
‘sapped tightly with sterile caps, slanted, and cooled. 
The medium keeps indefinitely at either room or re- 
frigerator temperatures. The lysine broth (Table 2) is 
adjusted to pH 6.6, tubed in screw-capped tubes (16 x 
125 mm) in 5 ml amounts, and autoclaved. 

Members of the genus Salmonella with but few excep- 
tions do not ferment lactose or sucrose, do ferment 
dulcitol, produce HS, and utilize L-lysine. A charac- 
teristic reaction of the genus, then, on dulcitol lysine 
lactose iron agar is an alkaline (red) slant, H.S black- 
ening in the middle, and a fractured acid (yellow) butt. 
Sucrose is omitted from the formula because Proteus 
species which ferment sucrose are both dulcitol and 
lysine negative and so are excluded from consideration 
by this medium. Arizona group paracolons (Kauffmann, 
1954) do not ferment dulcitol, and therefore a red butt 
excludes them; Bethesda-Ballerup group paracolons 
may ferment dulcitol but are lysine negative and so 
produce a yellow slant, as does Escherichia freundii. The 
Providencia group ferments neither lactose nor dulcitol, 
does not produce HS, or utilize lysine; an unchanged 
(red) tube throughout. The small amount of glucose 
added to the medium enhances H.S blackening. When 
Arizona strains were inoculated, it was observed that 
little or no blackening occurred in dulcitol lactose iron 
medium, whereas triple sugar iron agar slants showed 
profuse blackening. A trace of glucose, which is insuffi- 
cient to cause a color change, restored the blackening. 

Unfortunately, the slant reaction is not completely 
reliable. Sometimes rapidly growing Bethesda-Ballerup 
or FE. freundii strains will cause an alkaline reversion on 
the slant which mimics the lysine-positive reaction. 
Conversely, slowly growing salmonellae sometimes do 
not produce an alkaline reaction in 18 to 24 hr, although 
this rarely is the case at 24 hr. Verification in modified 
lysine broth settles these doubtful results with great 
accuracy. The original lysine broth formula (Falkow, 
1958) was used to replace the ninhydrin test previously 
used (Carlquist, 1956), but was found to be less ac- 
curate mainly because FE. freundii and its paracolon 
types frequently gave false positive results. It was rea- 
soned that the peptone was a nitrogen source for libera- 
tion of ammonia even if lysine were not utilized. When 


TABLE 2. Composition of lysine broth (modified) 


L-Lysine monohydrochloride........... 5g 
Yeast extract... : 3¢g 
Glucose...... ay ares lg 
Bromcresol purple (1.6% alcoholic solu- 

tion)..... eae Poin cele 1 ml 


Water, distilled... eeu ree 1 liter 
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peptone was omitted from the formula, a series « { cop. 
parisons revealed the modified formula to be boi . valid 
and reliable, exceeding the accuracy of even the sinhy. 
drin test, which sometimes gave false negative res iltshe. 
cause of poor extraction with chloroform. Comm: rcially 
prepared lysine decarboxylase broth (Difco)! or | lkow. 
lysine broth (BBL)? are available but have not beey 
subjected to comparison. An alternate formul: using 
bromthymol blue instead of bromeresol purple sid 1% 
lactose (Bachrach, 1959) has not been tested for ge. 
curacy; like the Falkow formula, it contains pepione. 
Use of polyvalent antiserum for confirmation may be 
left to the discretion of the laboratory; in unpublished 
data we have demonstrated the biochemical identifica. 
tion to be more reliable than the serological with poly- 
valent antiserum. This inaccuracy was observed upon 


initial isolation of processed food strains of salmonellae 


which, seemingly, are serologically less reactive than iso. 


lates from clinical specimens. A longer reaction time is 


routinely necessary for even those organisms which were 


serologically typable. 


RESULTS AND DIscuSSION 


The results of ten replicate experiments involving 
1,000 samples and 261 Salmonella isolations and the 
statistical analysis of some of the more important con- 
parisons are shown in Table 3. It is immediately ob- 
vious that those options which are most efficacious for 


isolation of salmonellae utilize pre-enrichment. The 


failure to produce a greater number of positives with 
centrifugation and the spectacular improvement with 
pre-enrichment are likely the results of two different 


' Difeo Laboratories, Inc., Detroit, Mich. 


? Baltimore Biological Laboratory, Inc., Baltimore, Md. 


TABLE 3. Isolation of Salmonellae from albumen by 


various techniques 


ee ae Centrifuged 
Direct (D) Comet pre-enriched |Pre-enriched (P) 
(CP) 
5° = ag S T Ss _ S T 


Comparison of techniques x°t 


D-S_ vs. C-S 4-1 0.8 
D-S_ vs. P-S 4-38 32.8 
CP-S vs. P-S_ 30-38 1.1 
PC-S vs. P-S_ 36-38 0.02 
CP-S vs. CP-T 30-57 0.8 
P-S' vs. P-T 38-54 4.5 
CP-T vs. P-T 37-54 5.2 


PC-T vs. P-T 56-54 0.02 


Pre-enriched 
centrifuged (P( 


36 56 


P value 
0.3 
<0.0005 
0.2 
0.8 
0.3 
<0.05 
<0.05 
0.8 


*S = Cystine-selenite F broth, T = brilliant green tetra 


thionate broth. 


7 Number positive Salmonella isolations from 100 aliquot: 


of naturally contaminated dried albumen. 
t Chi-square, 4-fold table, Yates correction. 
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perry (i) restoration of selectivity—the ability 


to inhibit coliforms while permitting salmonellae to 
i multiply, and (ii) sensitivity—the ability to initiate 
growth with a smaller number of organisms. 
Centrifugation restores selectivity to the enrichment 
broth by removing from the sample that soluble ma- 
terial which acts as an adulterant to the enrichment 
medium. If the number of salmonellae in the sample 


> aliquot is sufficient to guarantee the initiation of growth 


in the unadulterated enrichment broth, then centrifu- 
gation suffices to obtain the positive isolation. 

Pre-enrichment contributes to sensitivity since a 
noninhibitory medium, such as mannitol purple sugar 
broth, will produce a greater population of salmonellae 
in 24 hr than will either of the inhibitory enrichment 
broths. If the numbers of salmonellae are small, it is 
probable that a number insufficient to guarantee growth 
of the strain in an aliquot of selenite or tetrathionate 
may be more than enough to initiate growth in the pre- 
enrichment broth. The failure of the pre-enriched centri- 
fuged broth to be significantly better than the pre-en- 
riched broth alone in either tetrathionate (54/100 vs. 


56/100) or in selenite (38/100 vs. 36/100), is thus ex- 


plained. 

Empirical testing of the three methods produced the 
results shown in Table 4. Mannitol purple sugar broth 
aliquots performed a dual function since they were 
streaked directly onto brilliant green agar (direct), and 


jused to inoculate selenite and tetrathionate pre-en- 


out of the 9 samples analyzed, the 
direct mannitol purple sugar broth was equal or superior 
to the enrichment broths, sometimes spectacularly so 
(samples 5 and 6). Centrifuged samples likewise were 
superior to direct enrichment broths 7 out of 8 times; 
but when compared to pre-enrichment, they produced 
greater numbers 3 times out of 8, the same in 1 time out 


TABLE 4. Comparison of Salmonella MPN* obtained by different 
analytical methods 





Direct Centrifuged, | Mannitol pre-enriched 

a ae | Tetra- — - tonite | Letra- oe Tetra- 

—y 3 “proth | ‘broth (thionatel SSreth® |  thionate 
1/9 | o 7 15 
2/0 | 23 | 43 95 
rie is 93 150 
4/0 | 9 | 7 21 150 

| 2 1 | 2,300+ | 43 43 2,300+ | 2,300+ 
6 } 0 1,500 0 2 35 2,100 
7/04] O | 0.4| 2 0.4 1 1 
8 2 0 0.7 4 9 0.7 1 
9 0 | 0 0 H 1 0 0 
10 0 0 | 0.4 0.4 0 0 1 
11 0 0 | l 0.4 1 0.4 1 
1210 | @ | 8 ] 2 4 16 

*MPN = most probable number of Salmonella per g of 


dried albumen. 
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of 8 and fewer in 4 times out of 8. The magnitude of the 
high counts was greatest in the pre-enriched samples. 
Pre-enrichment proved superior to direct inoculation of 
all three broths 10 times out of 12 and was equal to them 
in the other 2. 

Pre-enrichment becomes the method of choice for 
analysis of food samples such as albumen on the basis of 
data presented here. It requires no specialized equip- 
ment, training of personnel, or excessive manipulations 
such as are entailed in centrifugation. The introduction 
of an extra medium requires one more handling and an 
added day for its incubation. This may be partly offset 
by streaking the mannitol directly onto brilliant green 
agar plates at the same time that it is used to inoculate 
tetrathionate so that a “presumptive” Salmonella count 
may be obtained a day earlier than the ‘‘confirmed”’ 
count from the tetrathionate. 

The choice of media to be used in the method of sal- 

monella analysis is dictated by the results seen in pre- 
vious experiments. Brilliant green agar is the most valu- 
able selective plating medium (Taylor, 1958; Taylor 
and Silliker, 1958; Taylor, Silliker, and Andrews, 1958). 
Brilliant green-tetrathionate enrichment broth has 
proven superior to cystine-selenite in this and the pre- 
ceding paper (Taylor and Silliker, 1961). Mannitol 
purple sugar broth becomes the pre-enrichment medium 
of choice for reasons best described as rational rather 
than from experimental data presented. In the pre- 
ceding paper, no significant differences were observed 
whether dulcitol, mannitol, lactose, or no carbohydrate 
was added to purple broth base. North (1961) prefers 
lactose broth since both coliforms and salmonellae may 
be enumerated from the same tube, which serves as the 
presumptive medium for both analyses. This is an ad- 
vantage which certainly should be considered by any 
laboratory which must perform both analyses. If, how- 
ever, only salmonellae are considered, it would seem 
logical to use a carbohydrate assimilated by salmonellae 
rather than use lactose which stands to benefit coli- 
forms, enterococci, paracolons, and other nonsalmonel- 
lae, all of which must be inhibited ultimately if one is 
to isolate and identify salmonellae. This reasoning has 
led others (Stokes and Osborne, 1955; Hajna, 1955) to 
choose mannitol for inclusion in media designed to 
enhance Salmonella isolation. 

After the experiments presented herein were com- 
pleted, Sugiyama, Dack and Lippitz (1960) demon- 
strated the superiority of both centrifugation and pre- 
enrichment with lauryl tryptose broth containing Sal- 
monella antiserum, over direct inoculation of selenite 
broth. Unfortunately, there was no comparison with 
lauryl tryptose broth without antiserum so that the 
factor of agglutination as a means of enhancing sal- 
monella isolation might be evaluated alone. Likewise 
centrifugation involving ‘‘minimal-centrifugation” de- 
signed to sediment only the flocculated organisms, 
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theoretically leaving non-salmonellae in the supernatant 
liquor to be discarded, was not compared with maximal 
centrifugation in which all organisms were sedimented. 
Without controls for pre-enrichment, antisera, and 
differential centrifugation, the net comparison is that 
of the combined factors against the routine method. 
Since in the process of pre-enrichment, the initial 
small numbers of salmonellae are swelled to millions 
per ml of broth, it is difficult to imagine a statistically 
significant improvement resulting from agglutination 
per se. Likewise, when the authors demonstrate the 
the ability to isolate salmonellae from selenite broth 
in which they were initially outnumbered by coliforms 
by a million to one, it becomes difficult to imagine 
that the small numerical superiority of salmonellae 
afforded by differential centrifugation of agglutinated 
cells would prove significantly better than total sedi- 
mentation of all cells for selenite inoculation. It would 
seem to be desirable to test these alternatives more 
exhaustively. 
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ABSTRACT 


SILVERMAN, ME LviNn P. (Pittsburgh Coal Research 
' Center, Pittsburgh), Martin H. Rocorr, anp IRVING 
) Wenper. Bacterial oxidation of pyritic materials in 
coal. Appl. Microbiol. 9:491—496. 1961.—Applicability 
‘of the manometric method for studying the oxidation 
of pyritic material in the presence of bacteria has been 
demonstrated. Resting cells of Ferrobacillus ferrooxidans 
accelerated the oxidation of coal pyrites and coarsely 
crystalline marcasite, but were inactive on coarsely 
crystalline pyrite. Resting cells of T’hiobacillus thiooxi- 
dans were inactive on all pyrites tested. Oxidation 
rates in the presence of Ferrobacillus were increased by 
reducing the particle size of pyritic samples, and, in 
one case, by removing the CaCO; 
containing sample. 


from a calcite- 


————— i -— ____ 


The problem of stream pollution caused by acid 
mine drainage has prompted several studies (Leathen, 
1952; Leathen, Braley, and McIntyre, 19538a, 0; 
Braley, 1954; Temple and Koehler, 1954; Ashmead, 
1955; Moulton, 1957; Brant and Moulton, 1960). 
These investigators agree that the ultimate source of 
the sulfuric acid and iron pollutants is the pyritic 
material associated with coal and coal-bearing strata. 
Oxidation of these iron disulfides results in the produc- 
tion of ferrous sulfate and sulfuric acid. Subsequent 
oxidation of ferrous sulfate yields additional sulfuric 
acid and hydrated oxides of iron. The latter form the 
unsightly yellow-to-red muds chargcteristic of streams 
receiving acid mine drainage. 

Iron- and sulfur-oxidizing chemoautotrophs have 
been isolated repeatedly from acid waters, both in 
this country (Colmer and Hinkle, 1947; Leathen and 
Madison, 1949; Colmer, Temple, Hinkle, 1950; Bryner 
et al., 1954; Brant and Moulton, 1960) and in Europe 
(Ashmead, 1955; Zarubina, Lyalikova, and Shmuk, 
1959), and have been shown to accelerate the rate of 
oxidation of pyrite and other sulfide minerals. These 
workers measured pyrite oxidation by titrating for 
increased acidity, or by determining the release of 
soluble iron or sulfate-S from the insoluble minerals. 

Current interest in the problem of air pollution by 
sulfur dioxide from the combustion of sulfur-containing 
fuel: and continued concern with the acid mine water 
problem have stimulated the study of the role of 
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bacteria in the oxidation of the pyritic constituents of 
coal. Consequently, studies of the iron-oxidizing 
chemolithoautotroph Ferrobacillus ferrooxidans as an 
agent for the desulfurization of coal were started; 
supporting physiological studies of the organism were 
required to determine the bacteriological, chemical, 
and physical factors relating to its ability to oxidize 
the pyrites in coal. The use of iron-oxidizing autotrophs 
in the removal of pyrite from coal (Zarubina et al., 
1959; Ashmead, 1955) and in the secondary recovery 
of copper and molybdenum from their sulfide minerals 
has already been reported (Bryner et al., 1954; Bryner 
and Anderson, 1957; Bryner and Jameson, 1958). 

This study reports the use of the standard Warburg 
manometric method for studying the oxidation of 
pyrites in the presence of bacteria. Methods such as 
flask culture or percolation, used by earlier investiga- 
tors, required several weeks for a single experiment. 
In contrast, the Warburg method yielded comparable 
data in a matter of hours. These studies include investi- 
gation of the effect of various physical factors on the 
rates of oxidation, the role of F. ferrooxidans and 
Thiobacillus thiooxidans as oxidizing agents, and the 
susceptibility of various forms of pyritic sulfur to 
oxidation by bacteria. 


MATERIALS AND METHODS 


Media and cultures. For growth of F. ferrooxidans, 
medium 9K (Silverman and Lundgren, 1959) was 
prepared and contained the following concentration 
of salts (per liter): (NH,4)2SO,, 3.00 g; KCl, 0.10 g; 
K»HPO,, 0.50 g; MgSO,-7H.0, 0.50 g; Ca(NO,)s, 
0.01 g; FeSO,-7H,O, 44.2 g. The medium was prepared 
with distilled water and 0.10 ml of 10 N H»SO, added 
per liter. The pH is 3.0 to 3.6 without further adjust- 
ment. For growth of 7. thioovidans, FeSO,-7H:O was 
replaced by 10 to 20 g per liter of elemental sulfur 
(sublimed flowers), which were sterilized separately by 
autoclaving at 100 C for 3 hr. The pH was adjusted to 
3.5 with H.SO,. The cultures were obtained from the 
Syracuse University collection and were maintained 
in 50-ml portions of the foregoing media in shake 
culture. 

Cell crops were grown in a glass air-lift fermentor 
(Lundgren and Russell, 1956) containing 6 liters of 
medium. Cell suspensions of F. ferrooxidans containing 
a minimum of precipitated iron were obtained by the 
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harvesting procedure of Silverman and Lundgren 
(1959). T. thiooxidans was harvested by centrifugation, 
and residual sulfur was removed by filtration through 
Whatman no. 1 filter paper (Suzuki and Werkman, 
1958). All cell crops were stored at 4 C in distilled water 
acidified to pH 3.5 with H.SO,. These conditions of 
harvesting and storage yielded active cell suspensions 
with no detectable endogenous metabolism. 

Manometric. Oxygen uptake was measured in War- 
burg manometers in the conventional manner (Umbreit, 
Burris, and Stauffer, 1957). Unless otherwise indicated, 
each Warburg flask contained pyritic material plus 
1.0 ml distilled water (acidified to pH 3.5 with H.SO,) 
in the main compartment, 0.5 ml of cell suspension in 
the side arm, and 0.2 ml of 20% (w/v) KOH plus 
a 2-cm square of Whatman no. 42 filter paper in the 
center well. The temperature was 30 C. The gas phase 
was air. Weight of sulfuritic material used in any par- 
ticular experiment is indicated in the figure legends. 
Occasionally, to avoid the chance of insoluble sub- 
strates clinging to the vessel and side arm walls, the 
cells were added directly to the main compartment 
with the substrate. 

Pyritic substrates. Description of the sulfuritic 
materials used for the experiments is given in Table 1. 
The materials were used as received (passing through 
65-mesh screen) or were ground in an agate mortar 
to pass a 325-mesh screen. The crystalline form of 
the sulfuritic materials of the concretions and the 
concentrates was verified as pyrite by X-ray diffraction 
pattern analysis. Samples of pure pyrite and marcasite 
in the form of large, coarse crystals were ground to 
pass 325 mesh before use. 

Analytical. Soluble iron was determined by the 
colorimetric American Society for Testing Materials 
(ASTM) o-phenanthroline method. A standard curve 
over the concentration range 20 to 240 ug of iron was 
prepared, reading optical density at 500 my in a 
Bausch and Lomb Spectronic 20' spectrophotometer- 


1 Bausch and Lomb Optical Company, Rochester, N. Y. 


TABLE 1. Sulfuritic materials used in oxidation studies 





; Per 
Sample Description cent 
no. ° 

pyrite 

29 Pyrite concentrate obtained by beneficiation | 77.0 


of washery waste from Tebo coal (Henry 
Co., Mo.) 

30 Pyrite concentrate obtained by beneficiation | 60.0 
of washery waste from Illinois *6 coal 
(Christian Co., Ill.) 


34* Pyrite concretion (sulfur ball) from Pitts- | 54.4 
burgh Seam coal (Monongalia Co., W. Va.) 
35 Pyrite concretion (sulfur ball) from Meigs | 74.5 


Creek #9 coal (Harrison Co., Ohio) 


* Contained 18.8% CaCO; as ealcite. 
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colorimeter. Reaction mixtures, after incubatic i, wey feels of / 
treated with an equal volume of 2 N HCl, hes:ed fp, soluble «' 
30 min on a steam bath, and filtered. Suitable « liquot ff Whe" 
were then taken for the iron determination. B:icteria| Beoncent” 
nitrogen was determined by a micro-Kjeldahl procedur. same Me 
portional 
Hdata in | 
Effect of particle size on the oxidation of pyrites, \Bsample 2 
series of experiments was carried out to determine {when sal 
whether the pyrite-containing samples uncerwen {than py’ 
oxidation in the presence of F. ferrooxidans. Samples of J rates, ho 
the pyrites as received (65 mesh) were weighed into fwith sulf 
the Warburg vessels in amounts ranging from 10 tofwas also 
200 mg, and oxygen uptake was measured in the [ppatticle s 
presence of several concentrations of resting cells. Ai} Role ¢ 
this particle size only pyrite concretion sample 3;—pmaterial. 
showed an appreciable oxygen uptake in the presencep{ound as 
of the test organism. Fresh samples of the above wer §microflot 
then ground to pass a 325-mesh screen, and the experi.ff (Leathen 
ments were repeated. Decreasing the particle size Moulton 
markedly enhanced the oxidation of the pyrite in allffto deter 
samples except pyrite concretion sample 34 (whichfoxidation 
contained 18.8% calcium carbonate). Results of these strated 
experiments are summarized in Table 2. oxidation 
To determine whether the oxygen uptake in thegin the p1 
presence of resting cell suspensions was a valid indica- Addit 
tion of pyrite oxidation, parallel experiments with taken to 
F.. ferrooxidans were carried out in shaken flasks, and isms we 
the release of hydrochloric acid-soluble iron wasalone in 
measured. The experimental flasks (25 ml conical)— samples 
each contained 100 mg of pyritic sample, an aliquot off resting 
a cell suspension containing 0.84 mg bacterial-N, andffinto the 
sufficient H.SO,-acidified water (pH 3.5) to provide aside arn 








EXPERIMENTAL RESULTS 





total volume of 4.0 ml. The flasks were incubated for !-hr pe 
24 hr at room temperature on a shaker. After incubationff the oth 
the flasks were removed and the contents sampled Were ¢¢ 
(described under Materials and Methods) for theff thiooxd 
determination of released iron. Data obtained in typical 
experiments (Table 3) showed that in all cases, resting msi 3 
resting 
TABLE 2. Effect of particle size on the oxidation of pyriti 
materials in the presence of resting cells of Ferrobacillus 
ferrooxidans Semple no 
Microliters O2 taken up:1.2 mg bacterial-N :3 hr:20 mg 
pyritic material 
Sample no. : a ee a A a 0) 
Passing through 65 mesh Passing through 325 mesh “ 
No cells | Cells No cells Cells 
== 30 
29 Ev* 40 60 1,342 
30 12 16 Ev 1,137 
34 Ev Ev 91 Ev 35 
357 Ev 336 46 2,040 
* “By”? indicates some small evolution of gas. * Rel 


+ Thirty microliters of O2 would be required to complete! of 0.841 
oxidize the acid-soluble iron initially present in 20 mg of thiff fA : 
sample. suspens 
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cells of /’. ferrooxidans accelerated the release of acid- 
gluble iron from the pyrite. 

When comparable samples, such as the two pyrite 
concentrates (samples 29 and 30), were ground to the 
same mesh size, the rate of oxygen uptake was pro- 
portional to the pyrite content of the sample. The 
data in Fig. 1 show that the oxygen uptake rate with 
ample 29 (77% pyrite) as substrate was higher than 
when sample 30 (60% pyrite) was used. Factors other 
than pyrite content are active in determining oxidation 
rates, however, since the highest rates were obtained 
with sulfur ball sample 35 (74.5% pyrite). This sample 
was also the only one to show significant oxidation at a 
particle size of —65 mesh (Table 2). 

Role of T. thiooxidans in the oxidation of pyritic 
naerial. Since T’. thiooxidans has invariably been 
found associated with F’. ferroxidans in studies of the 
microflora of acid mine water by ourselves and others 
(Leathen, 1952; Temple and Koehler, 1954; Brant and 
Moulton, 1960), manometric experiments were set up 
to determine whether this bacterium would accelerate 
oxidation of pyrite. The results of these studies demon- 
strated that no appreciable increase in the rate of 
oxidation of any of the pyrite samples tested occurred 
in the presence of resting cells of 7’. thiooxidans. 

Additional manometric experiments were under- 
taken to determine whether mixtures of the two organ- 
ims would be more effective than F. ferrooxidans 
alone in accelerating the rate of oxidation of pyrite 
samples 29, 30, and 35. In this series of experiments, a 
resting cell suspension of F. ferrooxidans was tipped 
into the Warburg vessel from one side arm of a two- 
side arm flask, and oxygen uptake was measured over a 
l-hr period; then 7’. thiooxidans was tipped in from 
the other side arm and oxygen uptake measurements 
were continued. The addition of resting cells of T. 
hiooxidans to the reaction mixture resulted in a slight 


TABLE 3. Oxidation of pyritic materials in the presence of 
resting cells of Ferrobacillus ferrooxidens as measured by 
release of hydrochloric acid-soluble iron* 


Iron 
Sample no. Cells Pyrite oxidized 
Initial 24 hr Released 
ug ug ug wi, 
29 + 1 ,0247 4, 400 3,376 9.42 
- 808 1,080 272 0.76 
30 + 1,250 4.000 2,750 9.84 
_ 1,034 1,376 342 1.22 
35 + 3,040 7,200 4,160 11.99 
_ 2,824 3,140 316 0.91 


* Release of iron from 100 mg pyritic material in the presence 
of 0.84 mg bacterial-N. 

+A 216-ug quantity of iron was carried over in the cell 
suspension. 


1961] OXIDATION OF PYRITIC MATERIALS IN COAL 493 





decrease of the rate of oxidation of all the pyrite 
samples. Typical results, as exemplified by tests on 
sample 29, are shown in Fig. 2. To determine whether 
this effect was due to purely mechanical as opposed to 
physiological blocking of oxidizable sites on the pyrites, 
the experiments were repeated using heat-killed cells of 
T’. thiooxidans. The same effect was noted when heat- 
killed cells were added as was observed with their 
viable counterparts, demonstrating that physiological 
blocking was not a factor. 

Effect of crystalline form and presence of extraneous 
material on rate of exidation of sulfide minerals. Although 
X-ray diffraction pattern analysis had shown that the 
sulfide minerals in all of the samples were pyrites, the 
physical state of the samples differed. Samples 34 and 
35 represent a massive deposition of pyrite accompanied 
by other mineral material. In sample 34, 18.8% calcite 
had been deposited along with the pyrite. The pyrite 
concentrates, samples 29 and 30, are completely differ- 
ent material. These represent grains and bands of 
crystalline pyrite found in a coal matrix. Concentration, 
after grinding of pyrite-rich segregations, yielded these 
samples of high pyrite content (60 and 77 %) from raw 
coals whose original pyrite contents were 4.5 and 8.2%, 
respectively. It must be recognized that the concre- 
tions (sulfur ball material) consist of pyrite with 
some inclusion of extraneous material, whereas the 
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FIG. 1. Effect of absolute pyrite content on the rate of oxidation 
of pyritic materials in the presence of resting cells of Ferro- 
bacillus ferrooxidans. Each flask contained 20 mg pyritic material. 
Curves 1, 2, and 3 represent oxidation of samples 35 (74.5% 
pyrite), 29 (77.0% pyrite), and 30 (60.0% pyrite), respectively, 
in the presence of cells (0.21 mg bacterial-N); curves 4, 5, and 6 
represent oxidation of samples 35, 30, and 29, respectively, in the 
absence of cells. 
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FIG. 2. Effect of Thiobacillus thiooxidans (0.40 mg bacterial-N) on the rate of oxidation of 20 mg of pyrite concentrate sample 29 iy 
the presence of Ferrobacillus ferrooxidans (0.21 mg bacterial-N). Closed circles, acidulated water (pH 3.5) tipped in; open circles, Thio 


bacillus tipped in. 


TABLE 4. Oxidation of coarsely crystalline pyrite and marcasite 
(—325 mesh) in the presence of resting cells of Ferrobacillus 
ferrooxidans or Thiobacillus thiooxidans 





Microliters Oz taken up:3 hr: mg bacterial-N: 20 
mg pyritic material 


Substrate Cells a ies . aN __ 
T. thiooxidans* F. ferrooxidanst 
Pyrite - 15 38 
+ Evt Ev 
Marcasite - 82 209 
a 128 734 


* Bacterial-N per flask, 0.40 mg. 
+ Bacterial-N per flask, 0.21 mg. 
t ‘“‘Ev”’ indicates some small evolution of gas. 


pyrite concentrates, on the other hand, consist of a 
variety of pyrite forms which were embedded in coal 
and associated clay partings, but which now have much 
of the pyrite surfaces exposed. 

To examine the abilities of both test organisms to 
enhance oxidation of iron disulfides of a more homo- 
geneous nature than the materials associated with coal, 
samples of large crystals of pyrite and marcasite were 
used as substrates in manometric experiments. Neither 
organism accelerated the oxidation of the coarsely 
crystalline pyrite. Both Ferrobacillus and Thiobacillus 
enhanced oxidation of the marcasite sample, although 
Thiobacillus did so only to a slight extent. Data ob- 
tained from these experiments are summarized in 
Table 4. 

Chemical analysis showed that sample 34 contained 
18.8 % CaCO; in the form of the mineral calcite (identi- 
fied by its X-ray diffraction pattern). This sample was 
completely resistant to oxidation (Table 2). When the 
calcite was removed by refluxing with 2 n HCl followed 
by extensive washing with distilled water, the sample 
became susceptible to oxidation in the presence of 
Ferrobacillus (Fig. 3). 
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FIG. 3. Oxidation of 20 mg of pyrite concretion sample 34 
(after removal of calcium carbonate), in the presence of resting 
cells of Ferrobacillus ferrooxidans. Open circles, cells present 
(0.42 mg bacterial-N); closed circles, cells absent. 


DIscUSSION 


The dependence on particle size of the rate of oxi- 
dation of the pyrite-containing samples (Table 2) was 
to be expected. It can be estimated that the reduction 
in particle size from —65 to —325 mesh increased the 
surface area by a factor of at least 50, so that more 
pyrite surface was exposed, resulting in an increase in 
the oxidation rates. 

Both Thiobacillus and Ferrobacillus were able to 


accelerate the oxidation of coarsely crystalline marcasite 
but not the oxidation of coarsely crystalline pyrite 
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(Table 4). In this case the crystal structure of these 


) minerals seems to be a factor in determining their 


) susceptibility to oxidation. The ability of the test cul- 
tures to accelerate oxidation of marcasite has little 


P bearing on practical considerations of microbial coal 
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desulfurization, as this mineral is present in only minor 
| amounts in most American and European coals and is 
rarely a factor in acid-producing mine areas. 

The inability of Ferrobacillus to oxidize coarsely 
crystalline pyrite (Table 4), while it is able to accelerate 
oxidation of sulfur ball and coal pyrites (Fig. 1, Tables 
2, 3), is difficult to explain. Those pyrite-containing 
samples responding to oxidation, including sample 34 
‘after the calcite had been removed (Fig. 3), have 
X-ray diffraction patterns identical to that of the 
coarsely crystalline sample. Investigations concerned 
with variations in the properties of pyrites (Smith, 
1942) have not received the support of more recent 
(Stanton, 1957; Kullerud and Yoder, 
1959). Nevertheless, the fact that some kinds of pyrite 
differ from others with respect to their susceptibility to 
| oxidation may be taken as a priori evidence that there 
‘are physical and chemical differences among the 
different kinds of pyrites. Imperfections or impurities 
in the crystal lattice may be necessary for initiation of 
the oxidative process. 

The behavior of sample 34 in the presence of Ferro- 
‘ bacillus was most interesting. The organism was unable 
}to enhance the oxidation of this sample when calcite 
was present (Table 2); on removal of the carbonates 
by refluxing with acid, oxidation proceeded after a lag 
period of approximately 2 hr (Fig. 3). The resistance 
of this sample to oxidation can best be attributed to 
the neutralizing capacity of the carbonates. The 
quantity of CaCO; present (18.8%) in the untreated 
/ sample was sufficient to neutralize the reaction mixture 


researchers 


' so that the pH exceeded the upper limit for the activity 
of this acidophilic bacterium. Upon its removal, the 
reaction mixture remained acid and Ferrobacillus could 
exert its effect. m 
Disagreement exists as to the ability of T. thiooxidans 
to oxidize pyritic materials. The oxidation of coarsely 
crystalline marecasite and certain pyrite-containing 
concretions by this bacterium has been reported 
} (Temple and Delechamps, 1953; Temple and Koehler, 
1954). On the other hand, Leathen et al. (1953a, b) 
reported that 7’. thiooxidans was unable to enhance the 
| oxidation of any iron disulfide with the exception of 
| Museum-grade marcasite. These discrepancies have 


} been explained as being due to differences in the sus- 


| ceptibility to oxidation of the particular samples used 
) as test substrates. The present findings, however, would 
seem to eliminate 7’. thiooxidans from any significant 
/ role in pyrite oxidation. We propose this in view of the 
/ fat that, under our test conditions, resting cells of 
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T. thiooxidans did not enhance the oxidation of a 
number of different samples of pyritic materials. 

Sato (1959) presented evidence for the release of 
elemental sulfur during the oxidation of pyrite in 
accord with the following two-step mechanism: 


FeS: + H.SO, + 402 > FeSO, + 28 + H.0 
28 + 2H.O + 30, > 2H2S0, 
Net: FeS: + H:0 + 31402 > FeSO, + H:SO, 





Elemental sulfur produced in the first step could be 
utilized by T. thiooxidans through the second step, 
accounting for the organism’s presence in acid mine 
waters. The experiments on the combined activities of 
F. ferrooxidans and T. thiooxidans (Fig. 2) would 
appear, at first glance, to have eliminated this mecha- 
nism from consideration. The preliminary oxidation of 
pyrite in the presence of F. ferrooxidans should produce 
elemental sulfur, and one would have expected the 
subsequent addition of T. thiooxidans to the reaction 
mixture to have increased the rate of oxygen uptake. 
However, the strain of F. ferrooxidans used in these 
experiments can oxidize elemental sulfur as well as 
ferrous iron. Bryner and Jameson (1958) and Beck 
(1960) have reported sulfur oxidation by similar strains 
of iron-oxidizing autotrophs. A comparison of the Qo, (N) 
values of the strains of F. ferrooxidans and T. thio- 
oxidans used in these experiments is given in Table 5. 
Thus, it is conceivable that all the available sulfur was 
oxidized by F. ferrooxidans prior to the addition of 
T. thiooxidans. 

A second consideration cor.cerns the stability of the 
sulfur produced in Sato’s first oxidation step. This 
sulfur may be in a very active form that will immedi- 
ately oxidize in air and therefore be unavailable for use 
as a source of energy by either organism. Thus, unless 
a stable form of sulfur is produced, the presence of 
Thiobacillus in mine waters and the ability of Ferro- 
bacillus to oxidize elemental sulfur would both appear 
to be fortuitous. 

From the data presented in this paper the following 
conclusions may be drawn: 

1) The rate of oxidation of pyrite increases with the 
exposed, i.e., available, pyrite surface (Table 2). Asa 
corollary to this, regarding coal desulfurization, the 


TABLE 5. Oxidation of tron and elemental sulfur by Ferrobacillus 
ferrooxidans and Thiobacillus thiooxidans 





| 
| Qos (N)* 





S (1,000 umoles) Fe** (500 wmoles) 


557 0 
3672 


1. WOORMONET = = ooo coe ens| 
EG SOPTOGCIGANED 6-5 cdleg ccc | 





* Microliters O2 taken up per mg bacterial-N per hr. 
+ Bacterial-N per flask, 0.40 mg. 
t Bacterial-N per flask, 0.21 mg. 
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coal must be in a finely divided state to expose a maxi- 
mum of the embedded pyrite. 

2) F. ferrooxidans can accelerate the oxidation of 
diverse pyritic materials and coarsely crystalline 
marcasite, but not the oxidation of coarsely crystalline 
pyrite. 

3) T. thiooxidans does not enhance the oxidation of 
the experimental materials, with the possible exception 
of marcasite. This organism appears to play no role in 
pyrite oxidation. 

4) Some unknown factor, possibly lattice imper- 
fections or the presence of some impurity in the mineral, 
affects the ability of the test organisms to accelerate 
oxidation. Coarsely crystalline pyrite proved resistant 
to oxidation, whereas coarsely crystalline marcasite, 
and pyrite concretions and concentrates from coal were 
oxidizable. 
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ABSTRACT 


Rocers, M. R. (U.S. Army Quartermaster Research 
and Engineering Center, Natick, Mass.), J. T. MAHER, 


/anp A. M. Kapuan. A practical approach to evaluation 


of the germicidal efficiency of a general purpose military 


} disinfectant. Appl. Microbiol. 9:497-501. 1961.—The 
| bactericidal activity of a general purpose disinfectant 


consisting of 25% sodium-o-phenylphenolate and 75 % 


sodium-4- and 6-chloro-2-phenylphenolate was evalu- 
hated by a simulated in-use, surface-square dilution 


method. Common floor (asphalt, rubber, and unglazed 


| tiles) and wall (stainless steel tile, ceramic tile, and 


} painted wood) surfaces of various porosities and com- 


ce 


nn 





| positions 


were selected to simulate  actual-use 


conditions. 
The method used consisted of inoculating the surfaces 
of l-in. square sections of floor and wall covering with 


}a test organism, air-drying the inoculated surface, 


} 


applying the disinfectant, allowing it to act for 10 min, 
and recovering the survivors by plating. Confirmatory 
results of the standard phenol coefficient and use-dilu- 
tion tests indicated 700 ppm of the disinfectant to be 
a safe use concentration. The in-use surface-square 
dilution studies have shown that this is a more than 
adequate safe concentration for stainless steel, both 
glazed and unglazed ceramic tile, and nonwaxed surface 
of asphalt tile. However, concentrations ranging be- 
tween 2,500 and 6,000 ppm for plastic-fortified rubber 
tile, 1,500 and 2,000 ppm for waxed asphalt tile, and 
2,000 ppm for painted wood were required to achieve 
99.9% reduction of either Salmonella choleraesuis or 
Salmonella schottmuelleri. These results indicate that a 
disinfectant concentration derived from the Association 
of Official Agricultural Chemists use-dilution test can- 
not always be relied upon to provide a dependable 
index to actual safe use-dilution when a disinfectant 
is supplied to certain wall or floor surfaces. 





A previous study of the development of a general 
purpose disinfectant (GPD)! for military use (Mizuno, 
Rogers, and Kaplan, 1958 and 1959), was limited to 
reporting the destruction of the bacteria in the liquid 


'GPD consists of 25% sodium-o-phenylphenolate and 75% 


sodiim-4- and 6-chloro-2-phenylphenolate. 
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portion of the contents of field latrine buckets. Because 
this disinfectant was intended to be a general military 
“household” disinfectant, most of the present investiga- 
tion is concerned with disinfecting commonly used floor 
and wall surface materials. These surfaces were selected 
to simulate, as far as practical, actual-use conditions. 
Surfaces of various porosities and compositions were 
used to determine the relative efficacy of the phenol 
coefficient and use-dilution confirmation tests as indices 
for practical disinfection. 

It is now accepted that the phenol coefficient alone 
‘annot be relied upon as a guide in preparing a safe use- 
dilution of phenolic disinfectants. The “‘use-dilution”’ 
procedure (Stuart, Ortenzio, and Friedl, 1953) was 
developed to check the validity of the phenol coefficient 
values and employs the use of stainless steel carriers. 
The present study concerns the development of a pro- 
cedure in which commonly used floor and wall surfaces 
are substituted for the stainless steel carriers used in 
the “‘use-dilution” method. 

Several methods have been proposed for a simple 
and reliable procedure to determine quantitatively 
the sanitary condition of various inanimate surfaces 
after disinfection. These procedures included various 
swabbing techniques, agar-contact methods, rinsing 
processes, tracer techniques, and in-use testing. Ex- 
amples of swabbing techniques are described by the 
American Public Health Association (1949), Barnes 
(1952), Cain and Steele (1953), Higgins (1950), Buch- 
binder et al. (1947), Tiedeman et al. (1948), and Ange- 
lotti et al. (1958). Agar-contact methods were used by 
Barton, Gorfein, and Carlo (1954), Guiteras, Flett, 
and Shapiro (1954), Hammer and Olson (1931), Walter 
and Hucker (1941), and Angelotti and Foter (1958). 
Rinsing techniques were used by Angelotti and Foter 
(1958), American Public Health Association (1953), 
and Stedman, Kravitz, and Bell (1954a, b and 1955a, b). 
The isotope-tracer techniques were used by Ridenour 
(1952), Ridenour et al. (1952), Armbruster and 
Ridenour (1952), and Ridenour and Armbruster (1953). 
In-use testing of bactericidal agents in hospitals was 
described by Kundsin and Walter (1961). Unquestion- 
ably, each of these methods had its advantages and 
disadvantages; therefore, it is important to select the 
procedure that best serves the purpose of the individual 
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(Walter, 1955). The procedure described in this study 
is an attempt to adapt the rinsing techniques to assist 
in obtaining more reliable information from the ‘‘use- 
dilution” method in evaluating the efficiency of 
the GPD. 


MATERIALS AND METHODS 


General procedure. The method of the present study, 
designated as the surface-square dilution method, con- 
sists of (i) inoculating the surfaces of 1-in. square sec- 
tions of floor and wall coverings with a test organism, 
(ii) air-drying the inoculated surface, (iii) applying 
GPD, (iv) allowing 10 min for reaction, and (v) re- 
covering the survivors by plating. 

During the initial phase of this study, tests were run 
to determine a cell concentration in a broth suspension 
that would withstand drying, and allow countable 
controls without the necessity of further dilution. The 
number of organisms on the control plates was counted 
when 0.01 ml of an 18-hr undiluted broth culture was 
diluted with 1 ml of broth, and a 0.01-ml aliquot of the 
resultant suspension was used as the surface inoculum. 
Using this technique, reproducibility was not as satis- 
factory as with an undiluted broth culture. Although 
the latter procedure was adopted as standard in this 
study, other preliminary tests were run in which squares 
were plated directly by pouring tryptone glucose ex- 
tract agar over the squares. However, the method of 
rinsing the squares in buffered distilled water and 
plating an aliquot of the latter was superior, because it 
permitted more thorough swirling and agitation. 

Test organisms. Because the germicidal action of a 
general household disinfectant must be nonspecific, 
different species of vegetative pathogens of epidemio- 
logical significance were chosen as test organisms. 
Salmonella schottmuelleri (ATCC 9282) was selected 
as a representative of the paratyphoid group for its 
superior resistance to drying (Klarmann, Wright, 
and Shternov, 1953). Salmonella choleraesuis (ATCC 
10708) was also used in accordance with the Association 
of Official Agricultural Chemists (AOAC) procedure 
for the use-dilution confirmation com- 
parable destruction of both organisms was found at 
the same disinfectant concentration, S. 
was used only for part of this study. 

Test surface materials. Six different 144- by 114-in. 
squares of precleaned carriers were used: stainless 


test. Since 


choleraesuis 


steel, unglazed ceramic tile, glazed ceramic tile, rubber 
tile (plastic fortified), asphalt tile, and painted wood.? 
Each surface was lacquered around the edges so that 
the exposed surface measured 1 by 1 in. Ceramic and 
stainless steel surfaces were sterilized by subjecting 
them to 82 C for 2 hr. The rubber and asphalt tiles 
and the painted wood were exposed to a 30-w ultra- 


? Three coats of semigloss Olive Drab Enamel FS-TT-E-529 


(ro antimicrobial preservative) on balsa wood 
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violet germicidal lamp for approximately 1 \r, The 








lamp was used because heat sterilization witho + alte. 
ing the original characteristics of the tiles is not ) ossibjp 


Safar 


Culture techniques. S. schottmuelleri and S. cho raesyjct 
were cultured in nutrient broth consisting «{ 055m 
GB* beef extract, 0.5% sodium chloride, snd 19) 


Bacto-peptone* for 18 to 24 hr at 37 C; next, a 0.01) 
aliquot of an undiluted broth suspension was spread!) 
uniformly on each square, using a 4-mm sterile platinun | 
loop. All squares were then air-dried at room ti mpera- 
ture in Petri dishes with the covers slightly opey 
Although this procedure did permit contamination, the 
use of a selective medium did not allow growth: of air. 
borne contaminants. Considerable variability was noted 
in the day-to-day drying times of the inoculum 
unlike surfaces, and daily variations, though not a 
marked, likewise occurred for like surfaces. 

The time for complete drying of the inoculum with 
the same square varied daily according to the tempera.) 
ture and humidity. When the relative humidity was 
low, the disinfecting solution tended to dry more rapidly 


ia 


ij 
i 
a 
i 
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: 
i 
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than when the humidity was higher. All squares wer} 


used immediately when completely dry as shown by 
visual inspection. The ambient temperature and rela. 
tive humidity were recorded. 

Applying GPD concentrations. Various concentrations 
of the GPD were made up in distilled water, 0.04 ml 
of each concentration added to each of a pair of dry, 
seeded squares, and the GPD and organisms mixed 
thoroughly over the surface, using a platinum loop. 
The quantity of disinfectant (0.04 ml) used was the 
amount found by Klarmann et al. (1953) to be deposited | 
on a unit floor area during a standardized mopping} 
operation. All disinfectant levels were tested in dupli- 
cate. Sterile buffered distilled water® was used on one 
square as a control instead of the GPD. The GPD 
dilutions were permited to act for 10 min. Each square 
was then aseptically transferred to a 600-ml beaker 
containing 20 ml of sterile buffered distilled water and 
swirled for 1 min in an attempt to achieve homogeneity 
of cell distribution. 

Plating and counting. Aliquots of 1 ml of the resultant 
suspension were plated in brilliant green agar, a highly 
selective medium recommended for the isolation of 
Salmonella, excepting Salmonella typhosa  (Difeo 
Manual, 1953). Dilution plate counts from the control 
were also made. Plates were incubated at 37 C for 
at least 48 hr, and colonies were counted with a colony 
counter. 


t 


| 


Originally, 10 ml of a 1% aqueous Lecithin® solution 
£ ; | 


3 General Biochemicals, Inc., Chagrin Falls, Ohio. 

4 Difco Laboratories, Inc., Detroit, Mich. 

5 Dissolve 34.0 g KH».PO, in 500 ml distilled water, adjus! 
to pH 7.2 with 1 m NaOH and make up to 1 liter with distille 
water, add 1.25 ml of this stock buffer to 1 liter of distilled water 
and dispense 


6 Distillation Products Industries, Rochester, N. ¥ 
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tion are the amounts shown in Table 10 minus the 
expected CHsg. 

It appears from an average of the values in Table 11 
that the rumen fermentation products account for 
99% of the carbon metabolism of the cows. The carbon 
dioxide produced directly in the rumen fermentation 
amounts to 27 % of the CO» respired by the cows. 

The rumen fermentation produces not only acids 
but also microbial cells which are digested by the 
host. According to Kéhler (1940) as much as 8% of 
the substrate utilized by rumen bacteria is converted 


of the finding of Bauchop and Elsden (1960) that the 
weight of Streptococcus faecalis cells may be as much as 
128% of the substrate fermented. If the microbial 
cells have a digestibility coefficient of 0.75 and a carbon 
content of 50%, their contribution to the host economy 
would be about 8% 
respired by the host. This value, when added to the 


of the carbon assimilated and 


| 82% accounted for by the fermentation acids and COs, 


i gives 90% as the contribution of the rumen micro- 


ry 


organisms to the carbon requirement of the host. 
In the butyrate-X experiment the dilution of specific 


activity of the butyrate-2-C' introduced directly into 


the rumen afforded independent means for checking 


} the rate of production of butyrate. Production rates 


between 0.44 and 0.6 mole per hr were calculated from 
the isotopic data, the variation depending on the 
particular assumptions made regarding the origin of the 
activity in the various acids. These rates are higher 


} than the value of 0.358 mole per hr from Table 8 but 
ithe difference does not significantly exceed the error 


involved in measuring the isotopic dilution. The isotope 


| data confirm the order of magnitude found in the direct 
} rate measurements of the rumen fermentation. 
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coal must be in a finely divided state to expose a maxi- 
mum of the embedded pyrite. 

2) F. ferrooxidans can accelerate the oxidation of 
diverse pyritic materials and coarsely crystalline 
marcasite, but not the oxidation of coarsely crystalline 
pyrite. 

3) T. thiooxidans does not enhance the oxidation of 
the experimental materials, with the possible exception 
of marcasite. This organism appears to play no role in 
pyrite oxidation. 

4) Some unknown factor, possibly lattice imper- 
fections or the presence of some impurity in the mineral, 
affects the ability of the test organisms to accelerate 
oxidation. Coarsely crystalline pyrite proved resistant 
to oxidation, whereas coarsely crystalline marcasite, 
and pyrite concretions and concentrates from coal were 
oxidizable. 
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ABSTRACT 


Roarrs, M. R. (U.S. Army Quartermaster Research 
and Engineering Center, Natick, Mass.), J. T. MAHER, 
anp A. M. Kapuan. A practical approach to evaluation 
of the germicidal efficiency of a general purpose military 
disinfectant. Appl. Microbiol. 9:497-501. 1961.—The 
bactericidal activity of a general purpose disinfectant 
consisting of 25% sodium-o-phenylphenolate and 75% 
sodium-4- and 6-chloro-2-phenylphenolate was evalu- 
ated by a simulated in-use, surface-square dilution 
method. Common floor (asphalt, rubber, and unglazed 
tiles) and wall (stainless steel tile, ceramic tile, and 
painted wood) surfaces of various porosities and com- 
positions were selected to simulate  actual-use 
conditions. 

The method used consisted of inoculating the surfaces 
of 1l-in. square sections of floor and wall covering with 
a test organism, air-drying the inoculated surface, 
applying the disinfectant, allowing it to act for 10 min, 
and recovering the survivors by plating. Confirmatory 
results of the standard phenol coefficient and use-dilu- 
tion tests indicated 700 ppm of the disinfectant to be 
a safe use concentration. The in-use surface-square 
dilution studies have shown that this is a more than 
adequate safe concentration for stainless steel, both 
glazed and unglazed ceramic tile, and nonwaxed surface 
of asphalt tile. However, concentrations ranging be- 
tween 2,500 and 6,000 ppm for plastic-fortified rubber 
tile, 1,500 and 2,000 ppm for waxed asphalt tile, and 
2,000 ppm for painted wood were required to achieve 
99.9% reduction of either Salmonella choleraesuis or 
Salmonella schottmuelleri. These results indicate that a 
disinfectant concentration derived from the Association 
of Official Agricultural Chemists use-dilution test can- 
not always be relied upon to provide a dependable 
index to actual safe use-dilution when a disinfectant 
is supplied to certain wall or floor surfaces. 





\ previous study of the development of a general 
purpose disinfectant (GPD)! for military use (Mizuno, 
Rogers, and Kaplan, 1958 and 1959), was limited to 


reporting the destruction of the bacteria in the liquid 


GPD consists of 25% sodium-o-phenylphenolate and 75% 
soldium-4- and 6-chloro-2-phenylphenolate. 
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portion of the contents of field latrine buckets. Because 
this disinfectant was intended to be a general military 
“household” disinfectant, most of the present investiga- 
tion is concerned with disinfecting commonly used floor 
and wall surface materials. These surfaces were selected 
to simulate, as far as practical, actual-use conditions. 
Surfaces of various porosities and compositions were 
used to determine the relative efficacy of the phenol 
coefficient and use-dilution confirmation tests as indices 
for practical disinfection. 

It is now accepted that the phenol coefficient alone 
‘annot be relied upon as a guide in preparing a safe use- 
dilution of phenolic disinfectants. The ‘‘use-dilution”’ 
procedure (Stuart, Ortenzio, and Friedl, 1953) was 
developed to check the validity of the phenol coefficient 
values and employs the use of stainless steel carriers. 
The present study concerns the development of a pro- 
cedure in which commonly used floor and wall surfaces 
are substituted for the stainless steel 
the “use-dilution”? method. 

Several methods have been proposed for a simple 
and reliable procedure to determine quantitatively 
the sanitary condition of various inanimate surfaces 
after disinfection. These procedures included various 
swabbing techniques, agar-contact methods, rinsing 
processes, tracer techniques, and in-use testing. Ex- 
amples of swabbing techniques are described by the 
American Public Health Association (1949), Barnes 
(1952), Cain and Steele (1953), Higgins (1950), Buch- 
binder et al. (1947), Tiedeman et al. (1948), and Ange- 
lotti et al. (1958). Agar-contact methods were used by 
Barton, Gorfein, and Carlo (1954), Guiteras, Flett, 
and Shapiro (1954), Hammer and Olson (1931), Walter 
and Hucker (1941), and Angelotti and Foter (1958). 
Rinsing techniques were used by Angelotti and Foter 
(1958), American Public Health Association (1953), 
and Stedman, Kravitz, and Bell (1954a, b and 1955a, b). 
The isotope-tracer techniques were used by Ridenour 
(1952), Ridenour et al. (1952), Armbruster and 
Ridenour (1952), and Ridenour and Armbruster (1953). 
In-use testing of bactericidal agents in hospitals was 
described by Kundsin and Walter (1961). Unquestion- 
ably, each of these methods had its advantages and 
disadvantages; therefore, it is important to select the 
procedure that best serves the purpose of the individual 


-arriers used in 
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(Walter, 1955). The procedure described in this study 
is an attempt to adapt the rinsing techniques to assist 
in obtaining more reliable information from the “‘use- 
dilution” method in evaluating the efficiency of 
the GPD. 


MATERIALS AND METHODS 


General procedure. The method of the present study, 
designated as the surface-square dilution method, con- 
sists of (i) inoculating the surfaces of l-in. square sec- 
tions of floor and wall coverings with a test organism, 
(ii) air-drying the inoculated surface, (iii) applying 
GPD, (iv) allowing 10 min for reaction, and (v) re- 
covering the survivors by plating. 

During the initial phase of this study, tests were run 
to determine a cell concentration in a broth suspension 
that would withstand drying, and allow countable 
controls without the necessity of further dilution. The 
number of organisms on the control plates was counted 
when 0.01 ml of an 18-hr undiluted broth culture was 
diluted with 1 ml of broth, and a 0.01-ml aliquot of the 
resultant suspension was used as the surface inoculum. 
Using this technique, reproducibility was not as satis- 
factory as with an undiluted broth culture. Although 
the latter procedure was adopted as standard in this 
study, other preliminary tests were run in which squares 
were plated directly by pouring tryptone glucose ex- 
tract agar over the squares. However, the method of 
rinsing the squares in buffered distilled water and 
plating an aliquot of the latter was superior, because it 
permitted more thorough swirling and agitation. 

Test organisms. Because the germicidal action of a 
general household disinfectant must be nonspecific, 
different species of vegetative pathogens of epidemio- 
logical significance were chosen as test organisms. 
Salmonella schottmuelleri (ATCC 9282) was selected 
as a representative of the paratyphoid group for its 
superior resistance to drying (Klarmann, Wright, 
and Shternov, 1953). Salmonella choleraesuis (ATCC 
10708) was also used in accordance with the Association 
of Official Agricultural Chemists (AOAC) procedure 
for the use-dilution confirmation test. Since com- 
parable destruction of both organisms was found at 
the same disinfectant concentration, S. choleraesuis 
was used only for part of this study. 

Test surface materials. Six different 144- by 1!4-in. 
squares of precleaned carriers were used: stainless 
steel, unglazed ceramic tile, glazed ceramic tile, rubber 
tile (plastic fortified), asphalt tile, and painted wood.? 
Each surface was lacquered around the edges so that 
the exposed surface measured 1 by 1 in. Ceramic and 
stainless steel surfaces were sterilized by subjecting 
them to 82 C for 2 hr. The rubber and asphalt tiles 
and the painted wood were exposed to a 30-w ultra- 


2 Three coats of semigloss Olive Drab Enamel FS-TT-E-529 
(ro antimicrobial preservative) on balsa wood. 


violet germicidal lamp for approximately 1 hv. The 
lamp was used because heat sterilization withou‘ alter. 
ing the original characteristics of the tiles is not possible, 

Culture techniques. S. schottmuelleri and S. chole:aesuis 
were cultured in nutrient broth consisting o! 0.5% 
GB* beef extract, 0.5% sodium chloride, and 1% 
Bacto-peptone! for 18 to 24 hr at 37 C; next, a 0.01-m) 
aliquot of an undiluted broth suspension was spread 
uniformly on each square, using a 4-mm sterile platinum 
loop. All squares were then air-dried at room tempen.- 
ture in Petri dishes with the covers slightly open, 
Although this procedure did permit contamination, the 
use of a selective medium did not allow growth of air. 
borne contaminants. Considerable variability was noted 
in the day-to-day drying times of the inoculum on 
unlike surfaces, and daily variations, though not as 
marked, likewise occurred for like surfaces. 

The time for complete drying of the inoculum with 
the same square varied daily according to the temper- 
ture and humidity. When the relative humidity was 
low, the disinfecting solution tended to dry more rapidly 
than when the humidity was higher. All squares were 
used immediately when completely dry as shown by 
visual inspection. The ambient temperature and rela- 
tive humidity were recorded. 

Applying GPD concentrations. Various concentrations 
of the GPD were made up in distilled water, 0.04 m 
of each concentration added to each of a pair of dry 
seeded squares, and the GPD and organisms mixed 
thoroughly over the surface, using a platinum loop. 
The quantity of disinfectant (0.04 ml) used was the 
amount found by Klarmann et al. (1953) to be deposited 
on a unit floor area during a standardized mopping 
operation. All disinfectant levels were tested in dupli- 
cate. Sterile buffered distilled water> was used on one 
square as a control instead of the GPD. The GPD 
dilutions were permited to act for 10 min. Each square 
was then aseptically transferred to a 600-ml beaker 
containing 20 ml of sterile buffered distilled water and 
swirled for 1 min in an attempt to achieve homogeneity 
of cell distribution. 

Plating and counting. Aliquots of 1 ml of the resultant 
suspension were plated in brilliant green agar, a highly 
selective medium recommended for the isolation of 
Salmonella, excepting Salmonella typhosa  (Difeo 
Manual, 1953). Dilution plate counts from the control 
were also made. Plates were incubated at 37 C for 
at least 48 hr, and colonies were counted with a colony 
counter. 

Originally, 10 ml of a 1% aqueous Lecithin® solution 

3 General Biochemicals, Inc., Chagrin Falls, Ohio. 

4 Difco Laboratories, Inc., Detroit, Mich. 

5 Dissolve 34.0 g KH2PO, in 500 ml distilled water, adjust 
to pH 7.2 with 1 m NaOH and make up to 1 liter with distilled 
water, add 1.25 ml of this stock buffer to 1 liter of distilled water 
and dispense. 

6 Distillation Products Industries, Rochester, N. Y. 
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GERMICIDAL EFFICIENCY OF MILITARY DISINFECTANT 


TABLE 1. Effective concentrations for 99.9% reduction of test organisms after exposure for 10 min 


Surface Concn 


ppm 
Stainless steel tile ; oe 350 
Ceramic tile (unglazed) 150 
Ceramic tile (glazed) me 150 
Asphalt tile (wexed surface) 1,500-1,750 
Asphalt tile (nonwaxed surface) 500-650 
Rubber tile (plastic fortified) 5, 500-6 ,000 


* Unknown. 


RH (%)/temp (F) 


Salmonella choleraesuis colony countt | Per cent reductiont 


controls test 
4.4 X 10° 5.0 X 10? 886 
bat ea? 0 0 
3.06105 0 0 
3.4 X 10° E39 36 10? 944 
6.6. <-10° 2.6 X 10? 961 
1.3 X 10° 4.0 X 10! 997 


36/81 
22/81.5 
37/—* 
21/83 
43/78 
30/81.5 


+ Values in these columns refer to highest concentration of GDP listed. 


TABLE 2. Ranges of effective concentrations of different batches 
of general purpose disinfectant (GDP) required to obtain 
99.9% reduction of Salmonella schottmuelleri after exposure 

for 10 min 


}. schottmuelleri 
Surface 
B 


ppm ppm ppm 

Stainless steel tile. ... 150-200 150-200 150-200 
Ceramic tile (unglazed) 150-200 150-200 150-200 
Ceramic tile (glazed) 150-200 150 150 
Asphalt tile (waxed sur 

face) 
Asphalt tile (nonwaxed 

Mareace)...:..... 650 500 500 
Rubber tile (plastic forti 

eee 6,000 
Painted wood. . * 


, 290-2 , 000 


2,000 
, 800-2 , 000 


2, 500-3 , 000 
ai 


A = Small batch, Economies Laboratory, St. Paul, Minn. 

B = Same as A except this material was dry because of 
tight seal and non-use, whereas A was black and tacky due to 
frequent exposure to atmosphere (2144 years old when first 
used). 

C = Preproduction sample no. 3, Scientific Oil Compound- 
ing Company, Chicago, Ill., 28 October 1957 (2 weeks old when 
first used). 

*— = Not tested. 


and 10 ml of Tween 20’ were incorporated into the 
medium to inactivate the carried-over GPD. Although 
Lecithin-Tween mixtures are routinely used to inacti- 
vate quaternary ammonium compounds, it was also 
found effective in inactivating the phenols in the GPD 
(Wilson and Mizuno, 1951; Mizuno et al., 1958 and 
1959). It was found, however, that the dilution of the 
squares in the diluent, coupled with the high organic 
load of the medium, was sufficient to inactivate any 
earry-over, even at high GPD concentrations. 
{ESULTS 

Recommended concentrations. The actual concentra- 
tion of the GPD recommended for use as a result of 
these studies is 2,000 ppm for general disinfection of 
most inanimate surfaces except the type of rubber 


7 Polyoxyethylene sorbitan Powder 


Company, Wilmington, Del. 


monolaurate, Atlas 


tile used in these studies. Because the overwhelming 
majority of Army buildings have floor surfaces other 
than rubber tile, disinfection of rubber tiled floors 
could be eliminated from consideration for disinfection. 
This 2,000 ppm concentration will satisfactorily reduce 
bacteria on commonly used floor and wall surfaces, 
with a reasonable margin of safety (Tables 1 and 2). 

Porosity. Several factors affecting bactericidal ac- 
tivity have been encountered throughout the course of 
this study, including surface tension, composition and 
porosity of the test squares, humidity, and temperature. 

Although it was not an expressed purpose of this 
study to correlate disinfection with porosity, it was 
noted that, although the same disinfectant concentra- 
tration resulted in comparable destruction on both 
glazed and unglazed ceramic surfaces, the concentra- 
tion required to disinfect the waxed surface of asphalt 
tile was more than twice that required to disinfect the 
nonwaxed surface of asphalt tile (Tables 1 and 2). In 
contrast, Stedman et al. (1955b) claimed, “‘the practice 
of waxing surfaces daily does not alter markedly the 
pattern of disinfectant efficiency obtained on the un- 
waxed porous surface.”’ The reasons for this discrepancy 
are not known, but it was noted that the inoculum 
tended to concentrate in spherical droplets on waxed 
surfaces, which probably led to a more concentrated 
inoculum resisting disinfection. This may be due also 
to the clumping together of masses of organisms which 
would interfere with the penetration of the GPD to 
all of the organisms present. The medium itself also 
exerts a protective action. 

Other factors affecting bactericidal activity. Among the 
observations of significance which were encountered 
include the following: (i) The presence of organic 
material appreciably reduces the bactericidal properties 
of the phenolics (Stuart et al., 1953; Klarmann and 
Wright, 1954). (ii) It is also obvious that a 4-mm loop, 
as used in this study, does not carry the same volume 
ach time a surface is inoculated. Thus, when using 
the same disinfectant, different 
amounts of broth will likely result in replicates having 
different numbers of survivors. This may account in 
part for the erratic disinfecting action that is occa- 
sionally demonstrated. According to other investigators 
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(Stedman et al., 1954a), squares disinfected with strong 
concentrations showed, on occasion, a relatively large 
number of survivors, even though subsequent weaker 
concentrations gave a higher percentage reduction. 
The use of replicate tests for calculating an average 
percentage reduction enhanced the reliability of the 
results. (iii) It has also been demonstrated that aging 
and atmospheric exposure have no effect on the 
germicidal capacity of the laboratory-prepared GPD, 
and a pilot-plant sample does not differ in germicidal 
capacity, except in the case of plastic-fortified rubber 
tile (Table 1). This exception is probably the result of 
incomplete dissolution of the original laboratory- 
prepared sample at concentrations of the magnitude of 
2,000 ppm and greater. (iv) During the course of these 
studies, no visible change could be detected in the 
surfaces evaluated when using the GPD at concentra- 
tions as high as 14,000 ppm. 


DISCUSSION 


The conventional method of arriving at the maximal 
safe use-dilution, presumed to be equivalent in efficiency 
to 5% phenol, is to multiply the phenol coefficient 
found (for S. typhosa or Staphylococcus aureus) by 
20 to determine the number of parts of water in which 
one part of the disinfectant is to be incorporated. In 
addition, the phenol coefficient must be confirmed by 
the AOAC ‘‘Use-dilution’”? method. When the use- 
dilution can not be substantiated by this method, the 
highest dilution that will kill in the “‘use-dilution” 
procedure should be used as the guide to the highest 
dilution for use in practical disinfection. 

According to the AOAC Use-Dilution procedure 
(Stuart et al., 1953), the maximal safe use-dilution for 
GPD was found to be 1:1,400 when using S. choleraesuis 
as the test organism and 1:660 when using S. aureus 
as the test organism. The 1:1,400 dilution confirms the 
validity of the phenol coefficient of 71 obtained with 
S. typhosa as the test organism since 1:1,400 is for all 
practical purposes the same as 1:1,420 (20 X 71 = 
1,420), 700 ppm, or 0.07%. The present studies have 
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shown that this is more than an adequate safe d lutioy 
to be applied to stainless steel, to both glaze. an¢ 
unglazed ceramic tile, and to the nonwaxed suri ace of 
asphalt tile. However, concentrations ranging be twee, 
2,500 and 6,000 ppm for plastic-fortified rubber tile 
1,500 and 2,000 ppm for waxed asphalt tile, and 2,009 
ppm for painted wood were required to achieve in ])) 
min a 99.9% reduction of either S. choleraesuts or §. 
schottmuelleri. 

The data reported in Table 2 were analyzed fo 
statistical significance. Assuming a percentage reduction 
of 99.9, the probability that this is a chance occurrence 
and therefore not real is given in Table 3. In all except 
for one stainless steel test, the probabilities were very 
small. 

The wide variation in the concentration of GPD re. 
quired to reduce effectively microbial contamination 
on surfaces of different porosity indicates to some 
extent the inadequacies of test methods which do not 
attempt to duplicate the actual-use conditions in some 
reasonable manner. The use-dilution tests assist in 
providing phenol-coefficient confirmatory information 
on the safe use-dilution of chemical disinfectants which 
will provide a reasonable margin of safety for disin- 
fecting inanimate surfaces. However, in some instances, 
relying on confirmatory ‘‘use-dilution” data can also 
provide an erroneous index of the true disinfecting 
power of a product, as noted with rubber tile in this 
study. From a practical standpoint, one must assume 
that the variation in the effective concentration of the 
disinfectant on various surfaces can become further 
complicated by ineffective janitorial procedures, which 
cannot be relied upon to reduce the amount of inter- 
fering organic matter to a low level. The frequency and 
quality of ordinary janitorial services in most public 
buildings, including hospitals, cannot be relied upon 
to provide the degree of cleanliness under which most 
disinfectants are evaluated in accordance with the 
procedures specified by the AOAC. Consequently, it is 
evident that there is a need for modifying the “‘use- 
dilution”? test method to closely approach duplication 


TABLE 3. Statistical significance of results reported in Table 2 
g , I 





| 
A | B | 
Surface ae = 


Table 2 value Next higher dilution| Table 2 value Next higher dilution| Table 2 value |Next higher dilution 


| ee 


“e | P ppm P ; ee 
Stainless steel tile.... ont 150 1.00* | 200 
Ceramic tile (unglazed) 150 | <0.025 | 200 
Ceramic tile (glazed)........ 150 | <0.001 200 
Asphalt tile (waxed).. ..|1,750 | <0.001 |2,000 


ppm | P ppm P } | ppm | P 
<0.001 | 150 | <0.001 | 200 | <0.001 | <0.001 | 200 | <0.001 
<0.001 | 150 | <0.025 | 200 | <0.001 | 150 | <0.025 | 200 | <0.001 
<0.001 | 150 | <0.001 | 200 — | 150} <0.001 | 200 | 
<0.001 | — - — — — | 
Asphalt tile (unwaxed).......| 650 | <0.001 | 850 | <0.001 | 500 | <0.025 | - —- }|}—} — | —] - 

Rubber tile (plastic fortified) .\6,000 | <0.001 6,500 | <0.001 2,500 | <0.001 3,000 | <0.001 [2,000 | <0.001 |2,500 | <0.001 
Pamted wood............. - — - — — | — <= —  |2,000 | <0.001 '2,500 | <0.001 


A, B, C, see legend of Table 2. — = Not tested. P = Level of probability. 
* Not significant. 
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of use conditions, as well as to obtain more representa- 
tive data on the effect of a disinfectant formulation on 
the more common inanimate surfaces used in routine 


disinfecting practices in order to provide a more realistic 
safe use-dilution. One possible approach to this problem 
is to supplement the stainless steel ring carriers used in 
the AOAC “‘use-dilution” test (Stuart et al., 1953) with 
specified dimensional pieces of the more common 


surface materials, such as the various tile surfaces used 
in this study, and subject them to disinfection to 
simulate the actual conditions of practice. 
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ABSTRACT 


ZyamMunt, W. A. (Mead Johnson and Company, 
Evansville, Ind.). Oxytetracycline formation by Strepto- 
myces rimosus in chemically defined media. Appl. 
Microbiol. 9:502-507. 1961.—Details in the fermenta- 
tion of oxytetracycline in a synthetic medium with 
Streptomyces rimosus have been presented. In these 
studies, an organic nitrogen source was shown to be 
essential for the production of significant amounts of 
antibiotic activity. Of the amino acids tested, aspartic 
acid, proline, threonine, valine, and §8-alanine were 
utilized well for both growth and antibiotic production. 
Markedly different fermentation patterns were observed 
with aspartic acid and @-alanine. Glycerol and glucose 
supported antibiotic yields superior to those found 
with other carbohydrates tested. Short chain organic 
acids were not effectively utilized for growth in the 
absence of a readily fermentable carbohydrate. 





Only limited information is available on the forma- 
tion of oxytetracycline in synthetic media (Shaposh- 
nikov, Zaitseva, and Orlova, 1958), although the litera- 
ture contains several references to the use of such media 
for the production of chlortetracycline and_ tetra- 
cycline (Petty, Goodman, and Matrishin, 1953; Miller, 
McCormick, and Doerschuk, 1956; McCormick et al., 
1959; Darken et al., 1960). It has been established that 
Streptomyces aureofaciens can synthesize chlortetra- 
cycline from a simple medium with glycerol as the sole 
source of carbon and with an ammonium salt as the 
sole source of nitrogen (Miller et al., 1956). In addition, 
Shaposhnikov et al. (1958) obtained high yields of 
oxytetracycline with Streptomyces rimosus strain LS- 
T-118 on a starch, glucose, and ammonium-inorganic 
salts medium. The recent work of Snell, Birch, and 
Thompson (1960) has established the finding that the 
carbon skeleton of the oxytetracycline molecule in 
large part arises v7a an acetate biosynthetic pathway. 

In the present work, the use of synthetic media to 
study the relationship of growth to oxytetracycline 
production by S. rimosus is described. Specifically, a 
detailed comparison has been made of the ability of 
various amino acids, organic acids, carbohydrates, and 


related compounds to support growth and antibioti 
production. 


MATERIALS AND METHODS 
Shake Flask Fermentations 


Culture. A lyophilized culture of S. rimosus (NRRL 
2234), obtained from the Northern Utilization Re. 
search and Development Laboratories of the U. 
Department of Agriculture, Peoria, Ill., was used iy 
these studies. The culture was maintained on yeas 
extract agar. The formula of this agar follows (per 
liter): yeast extract, 4.0 g; malt extract, 10.0 g; glucos, 
4.0 g; agar, 20.0 g; and distilled water to volume with: 
out adjustment of pH. Slant cultures were incubated 
at 27 C for a period of 7 to 10 days to achieve good 
sporulation. Subsequent storage of cultures was 
5 C. In addition, the actinomycete was maintained in 


s- 


at 


tubes of sterile soil stored at room temperature. 

Inoculum. Conidial spore suspensions were prepared 
by cultivating the organism for 4 days in medium )) 
(Sobin, Finlay, and Kane, 1950) with agitation. 
Medium volumes of 50 ml per 250-ml Erlenmeyer 
flask were used. The composition of medium D is as 
follows (per liter): N-Z-Amine B, 10.0 g; glucose, 
10.0 g; yeast extract, 5.0 g; NaCl, 5.0 g; and CaCOs, 1.0 
g (adjust to pH 6.6 and use tap water as diluent). All 
inoculum flasks were cultured at 27 C on a gyrotory 
shaker! at approximately 200 rev/min. Growth was 
concentrated by centrifugation, washed in_ sterile 
physiological saline solution, resuspended in. sterile 
saline solution, and disrupted in a chilled micro-Waring 
Blendor for approximately 10 min. The mixture was 
then filtered through a combination of Rapid Flo 
filter discs and Whatman no. 2 filter paper to remove 
any remaining clumps. The filtrate was assayed for 
viable count on yeast extract agar and stored at 5 C. 

Fermentation. The medium of Dulaney (1948) with 
a decrease in the (NH4)2HPO, content to 0.2 g per 
liter was employed as a minimal medium in these 
studies. The composition of this medium (S-3) follows 
(per liter): glucose, 10.0 g; NaCl, 5.0 g; K.HPO, 
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HO, 0.02 g; ZnSO4-7H.0, 0.01 g; and (NH4)2HPOs,, 
2g (adjust to pH 7.0 to 7.2 and use distilled water 
gs diluent). All organic acids, carbohydrates, and re- 
ited compounds were added as neutral, separately 


gutoclaved solutions. Most of the fermentations were 
fonducted in this minimal medium with amino acid 
supplementation. Unless otherwise indicated, all fer- 
entations were carried out at 27 C for 5 days with 
5)-ml volumes of medium in 250-ml Erlenmeyer flasks. 
Agitation was at 200 rev/min. Normally, duplicate 
fasks were pooled for analysis. Inoculum consisted 
pf a conidial spore suspension equal to approximately 
» x 10° viable cells per flask. 

Antibiotic assays. The final pH of whole broth cul- 
jures was measured at the time of harvest. Broths were 
then acidified to pH 2.5 to 3.0 with 6 N HCl and held 
for about 30 min before centrifugation or filtration 


through Whatman no. 54 filter paper. Bacillus cereus 


var. mycoides (ATCC 9634) and the filter paper disc 
and plate method of assay were employed (Grove and 
Randall, 1955). Tetracycline hydrochloride was used 
us a reference standard. Oxytetracycline and tetra- 
cyeline were shown to be similar in microbiological 
activity for this test organism. Antibiotic activity was 
expressed in terms of micrograms of tetracycline per 
ml of broth and also as the amount of antibiotic pro- 
duced per g of dry cell weight. 

Growth. Growth was measured as milligrams of dry 
mycelia per 100 ml broth (initial volumes) following 
overnight drying of the mycelial pads at 100 C. 

RESULTS AND Discussion 

Medium 8-3 was selected as a minimal synthetic 
medium on the basis of comparative growth studies 
with five other synthetic media previously employed 
for cultivation of the Streptomyces. 

Fairly heavy growth of S. rimosus occurred in mini- 
mal medium S-3 but antibiotic production was 
negligible. Cell weights of 150 to 200 mg per 100 ml 
of broth were observed but antibiotie activity was 
less than 5 wg per ml. Antibiotic production was not 
increased by additional (NH4)2.HPOy; NaNO; and 
NHiNO3, when used as substitutes for (NH4)2-HPO,, 
were not utilized as well for either growth or antibiotic 
production. 


io ¢ 


medium S-3 with individual 
amino acids showed that only aspartic acid, proline, 
threonine, and B-alanine were utilized well for both 
growth and antibiotic production (antibiotic potencies 
greater than 100 ug per ml of broth and cell weights 
greater than 200 mg per 100 ml of broth). Phenyl- 
alanine and valine supported good growth and moderate 
antibiotic production (antibiotic potencies 50 to 100 
uw per ml of broth). Glycine, arginine, glutamine, 


Supplementation of 


histidine, isoleucine, lysine, glutamic acid, serine, DL- 
alanine, and leucine were utilized well for growth but 
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only poorly for oxytetracycline production (antibiotic 


potencies less than 50 wg per ml of broth). Methionine- 
and tryptophan-supplemented media resulted in cell 
masses lower than 200 mg coupled with poor antibiotic 
production. Due to the solubility characteristics of 
certain amino acids, it was not possible to obtain cell 
weights in all cases (Table 1). 

Initially, the antibiotic isolated from broths of S. 
rimosus was shown to be oxytetracycline by Hochstein 
et al. (1952). The recent work of Perlman et al. (1960) 
has shown that in addition to oxytetracycline S. rimosus 
can produce trace amounts of tetracycline. In our ex- 
periments, paper chromatography showed that the anti- 


TABLE 1. Effect of amino acid source on antibiotic production, 
final pH, and growth with Streptomyces rimosus 


. a ——— 




















| oe Mg dry . 
Amino acid | Addition | MH | activity | ce women 
mg/ml pg/ml | mg/g cells 

Glyeine............. | 5 | 83] 43 | 355 | 121 
Glycine............. | 10 | 9.0! 39 428 | Ont 
L-Arginine.......... 5 8.2} 29 296 9.8 
L-APgIDINE......... | 10 8.5 | 33 295 | 11.2 
L-Cysteine*........ 5 6.4 | 23 —- | — 
L-Cysteine*......... 10 ‘iM Ts jf = 
patie .......+-.- | 5 7.3| 33 —- |} — 
LaOVstine’.: os. ..665- | 10 7.4] 32 — — 
L-Glutamine*.......| 5 %:0\ 3 353 9.3 
L-Glutamine*....... | 10 | 8.9] 37 496 7.5 
L-Histidine..... pie & | Sal 25 286 8.8 
L-Histidine:......... 10 8.8 | 22 487 4.5 
pL-Isoleucine....... .| 5 6.4 | 27 222 12.2 
puL-Isoleucine........| 10 6.3 | 21 220 9.6 
L-Lysine....... | & | 38) @ 326 10.1 
t-Lysine....... seu a 3.8 | 43 355 12.1 
pL-Methionine...... Se 1 “Gas |} 5-8 89 | 6.5 
pL-Methionine......| 10 6.4 4.6 | 92 5.0 
pL-Aspartic acid. ...| 5S | 8.2 | 116 212 54.7 
pui-Aspartic acid....| 10 | 8.5 | 134 238 «(56.3 
pL-Phenylalanine. .. .| 5 | 6.4} 70 277 25.3 
pL-Phenylalanine. .. .| 10 | 6.4| 56 392 | 14.3 
L-Glutamie acid..... 5 | &7\<2 | 98 | — 
L-Glutamie acid.....| 10 | 8.9 |<20 340 | — 
L-Proline............| 5 | 6.5 | 106 276 «| «(38.4 
L-Proline............| 10 | 6.6} 80 255 | 31.4 
DE-DCTINGs «0 oa cee] 5 | 6.8)<10 | 213 — 
DL-Serine.......... 10 | 7.8 |<10 27 | — 
pL-Threonine....... .| 5 6.5 | 93 219 42.4 
pu-Threonine...... | 10 | 7.2] 104 | 269 38.6 
pL-Tryptophan...... 5 | 6.3| 16 64 25.0 
pL-Tryptophan......; 10 | 6.5 | 17 _ | — 
L-PyrOsine: ..3...:: | 5 6.0 | 37 - | — 
L-Tyrosine........ | 10 6.4 | 49 — | — 
Die VUNG... 5-5. 5 6.5 | 95 222 42.8 
DL VAIO. cc oc ess 10 6.6 91 232 39.2 
pi-Alanine........... 5 5.9| 11 | 150 7.3 
pL-Alanine....... 10 hee 9 214 | 4.2 
B-Alanine.........+.| 5 7.3|105 | 218 | 48.2 
B-Alanime: ..... 6.2 | 10 ise} E26 | 293 42.9 
pL-Leucine.......... | 5 | 6.7] 16 | 340 4.7 
pi-Leucine....... | 10 | 6.9] 17 | 344 | 4.9 


* Aseptic addition (Seitz filtration). TC = tetracycline. 
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biotic material produced was essentially oxytetra- 
cycline. 

The second series of experiments measured growth, 
pH, and antibiotic production during certain fermenta- 
tions. pL-Aspartic acid and 6-alanine were selected for 
extensive studies because of their ability to stimulate 
antibiotic production in medium 8-3 and because of 
their relatively low cost. Markedly different fermenta- 
tion patterns were observed when these amino acids 
were compared (Fig. 1 and 2). With §-alanine, the 
mycelial mass was less than 50 mg for the first 44 hr of 
the fermentation. Final pH values deviated only 
slightly from neutrality during the entire fermentation. 
Antibiotic activity per unit volume of broth increased 
with time and was at a maximum at 116 hr. Antibiotic 
activity when compared on a dry cell weight basis 
showed that antibiotic production lagged behind cell 
growth with increasing levels of 8-alanine. Mycelial 
weights at the termination of the fermentation were 
higher with 6-alanine than with aspartic acid. In the 
aspartic acid series, mycelial mass was less than 50 mg 
during the first 21 hr of the fermentation. This was 
followed by a rapid increase in cell mass after which 
mycelial mass remained static from 44 to 116 hr. 
Final pH values with aspartic acid levels of 5 and 10 
mg per ml were alkaline. Antibiotic activity per unit 
volume of broth remained static from 68 to 116 hr. 
Antibiotic activity when compared ona dry cell weight 
basis showed that antibiotic production was greater 
with increasing levels of aspartic acid. 
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FIG. 1. Effect of B-alanine concentration on antibiotic produc- 
tion, final pH, and growth with Streptomyces rimosus. 
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When @-alanine, pi-alanine, and L-alanine wey 
compared for their effect on growth and an. ibigj 
production, it was found that antibiotic procuctiy 
was stimulated solely by the addition of B-alaniy 
The level of growth with 6-alanine was twice thiat ol, 
served with the two isomers of a-alanine (Table ? 

Under the experimental conditions, an organic nity. 
gen source appears to be essential for the stimulatiy 
of significant oxytetracycline production. It has aly 
been shown that many of the common amino aci( 
differ markedly in their ability to support luxuriay 
growth and to stimulate antibiotic production. 

Most of the synthetic media described in the liter. 
ture for chlortetracycline, oxytetracycline, and tetn. 
cycline production employ either sucrose or starch a 
a source of carbohydrate. In addition, many of thes 
media contain such organic acids as lactic, citric, sue. 
cinic, or acetic. The function of these organic acids is 
not clearly defined except perhaps for the role of citrat 
Recently, the work of Darken et al. (1960) has re. 
emphasized the importance of the phosphate-citrate- 
carbonate ratio in allowing the calcium ion to sequester 
chlortetracycline or tetracycline and to allow higher 
antibiotic yields. Because levels of calcium carbonat 
in excess of 1 % are employed with many of these media, 
data on growth of the Streptomyces and informatio 
on antibiotic production as a function of growth are noi 
readily available. Since no systematic studies on the 
preferential utilization of organic acids, carbohydrates, 
and related compounds for oxytetracycline synthesis 
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FIG. 2. Effect of pi-aspartic acid concentration on antibioti 
production, final pH, and growth with Streptomyces rimosus. 
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fin chemically defined media with S. rimosus strain 2234 


have been reported, it appeared desirable to study cer- 
ain of these factors with this culture. Previously, 


ishaposhnikov et al. (1958) studied the utilization of the 


ammonium salts of tartaric, succinic, gluconic, lactic, 
isovaleric, pyruvic, and acetic acids for growth and 
oxytetracycline formation by S. rimosus strain LS-T- 


118. 


Glycerol and glucose supported antibiotic yields 
superior to those found with galactose, fructose, and 


‘maltose. Lactose, sucrose, and lactic acid were utilized 


poorly for growth. Similar results were observed with 
both the aspartic acid and B-alanine media. In the 
aspartic acid-containing series, in all cases where sig- 
nificant antibiotic production was observed, carbon 
levels of 2 mg per ml limited antibiotic yields as based 
on antibiotic production per unit of cell weight. With 
alanine, however, antibiotic yields per unit of cell 
weight in many instances were greater at the lower level 
of carbon addition. The quantitative differences in the 
ability of glycerol, glucose, fructose, and maltose to 
stimulate antibiotic production were markedly less in 
the aspartate series than in the B-alanine series. Galac- 
tose Was utilized well for growth but stimulated anti- 
biotic production poorly (Table 3). 

As expected, with increasing levels of glucose, the 
final pH of the fermentation broths decreased due to 
the accumulation of organic acids. The pH changes re- 
fected in the aspartate series were markedly greater 
than those found with the 8-alanine series. High levels 
of glucose were more detrimental to antibiotic produc- 
tion with aspartate than with B-alanine. With both 
amino acids, cell mass was greater with increasing 
levels of glucose, whereas antibiotic production pla- 
teaued or decreased sharply (Table 4). Previously, Van 
Dyck and DeSomer (1952) had also observed a rela- 
tionship between glucose concentration and optimal 
antibiotic production. Using a complex medium, su- 
were found to stimulate 
higher chlortetracycline yields than did lactose and 


rose, starch, and glucose 
mannitol with S. aureofaciens. 


TABLE 2. Effect of configuration on utilization of alanine for 
growth and antibiotic production with Streptomyces rimosus 
2 is —— a 


a a Mg dry 
Beko AdAAte: Final TC a TC 
Amino acid Addition pH activity ome activity 
mg/ml pg/ml mg/g cells 
8-Alanine...... Or 5 gir 149 403 37.0 
8-Alanine...... Sia 10 * a | 134 439 30.6 
L-Alanine..........| 5 4.5 | <20 231 <8.7 
L-Alanine......... 10 8.6 27 243 Mt 
-Alanine..... eee 5 8.4 34 140 24.3 
CT ee 10 8.8 | <20 196 


<10.2 


TC = tetracycline. 
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The complex carbohydrate, dextrin, was utilized as 
well as glucose for growth but stimulated antibiotic 
production to a lesser degree. Inulin was utilized 
poorly. Of the two pentoses tested, both growth and 
antibiotic production were greater with L-arabinose 
than with p-xylose. Growth with sorbitol was slightly 
higher than with glucose but antibiotic activity per 
unit volume of broth was the same. Growth was neg- 
ligible or failed to be initiated with glutaric acid, py- 
ruvic acid a-ketoglutaric acid, and glucuronic acid 
lactone (Table 5). 

Substitution of various short chain organic acids for 
glucose in medium S-3 resulted in negligible growth with 
all of the acids tested. Whereas, the growth achieved 
with the organic acids in the @-alanine series was sig- 
nificantly higher than that found with the aspartate 


TABLE 3. Effect of carbon source on antibiotic formation, final 
pH, and growth with Streptomyces rimosus 





Mg dry pa 
cell rc 
weight 


| Addition* | Final | TC 


Carbon source pH | activity 


activity 





ug/ml 


mg/m/ mg/g cells 


Medium 8-3 with 10 mg/ml of pL-aspartie acid 


GUY CORON. | 2 acs ae 2 9.1 | 69 182 37.9 
Giyeeral< 0. ss.- 4 8.9 | 156 226 68.0 
GINSOBE. |. 5.6. cee ces 2 |. 9:1 43 147 29.2 
Glucose............. 4 | 8.8] 120 183 65.5 
PPUCHORE? j... cs eas 2 9.0 26 202 12.9 
Fructose............ 4 8.9 | 123 258 47.6 
Mattose........- 2 9:0: 27 146 18.5 
Maltose............. 4 8.9 91 202 45.0 
Lactic acid ..... Z 8.5 12.7 35 35.3 
Lactic acid ......... 4 8.5 | 10.6 33 32.1 
Galactose........... 2 on 11 162 6.8 
Galactose... ..... 5... 4 8.9 | 45 188 23.9 
DHIOTOSES co 6c osc ois 2 8.6 1.4 19 7.4 
HERI o> 8 ada os i 4 8.6) 1.5 36 4.2 
Lactose. ee 2 | 8.6 12 29 4.1 
NNN osc. wes 4 | 86| 1.3] 41 3.2 
Medium 8-3 with 10 mg/ml of 8-alanine 
Glycerol......... a 2 | 8.0] 111 215 51.6 
GAGCCTONS:: ...-0- fe 5 4 7.9 | 165 455 36.1 
eT er 2 to ta | Qe 35.9 
GHIGORG: .. 6c cccas 4 C39 | 1 | 457 26.2 
PPtIGtOHO: 6.5.65 2s 2 7.9 9.5 | 205 4.6 
PYUGtORG... ....0644.- 4 5.9 | 35 421 | 8.3 
RURIEORO@.. oo ns cocci os 2 6.7 45 203 22.1 
MRIEORO 2 <2. ccc cas ses 4 6.8 15 101 14.9 
Lactic acid ......... 2 7.8 |} 20 73 27.4 
Lactie acid ....... 4 8.0} 12.4 94 [5 
Galactose.......... 2 tel 19 206 9.2 
Galactose. 4 6.8 35 316° | tt. 
PHIOTORO. ........... 2 rE | 4.1 “4 | 17.1 
SUOMI ccs eas 4 8.2 8.4 67 12.5 
ot ere 2 | 130 Dt 30 9.0 
WIRE os Ses 4 | 7.8 | re | 36 5.8 








* Final concentrations of carbon tested (exclusive of that 
contained in the amino acids added). All carbon sources were 
autoclaved separately. TC = tetracycline. 
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volume of broth was very low (Table 6). 


series, in both instances antibiotic production per unit 
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These findings are in general agreement with those 
observed by Shaposhnikov et al. (1958) who found that 


TABLE 4. Effect of glucose concentration on antibiotic formation, 
final pH, and growth with Streptomycin rimosus 


SGineese. | Final pt 


mg/ml 


TC activity 


pg/ml 


Mg dry cell 
weight 


me g 


Medium 8-3 with 10 mg/ml of pL-aspartic acid 


TC activity 


cells 


5 9.1 82 161 50.9 
10 8.9 8S 170 51.8 
15 8.5 100 315 31.7 
20 8.2 89 367 24.2 
25 7.5 29 422 6.9 
30 6.1 23 435 5.3 

Medium 8-3 with 10 mg/ml of 8-alanine 

5 8.2 86 194 44.3 
10 8.0 129 446 28.9 
15 7.6 168 701 24.0 
20 6.8 155 927 16.7 
25 6.8 163 932 17.4 
30 6.7 124 837 14.8 

* Glucose was autoclaved separately. TC = tetracycline. 


TABLE 5. Further studies on the utilization of carbon sources for 


growth and antibiotic formation with Streptomyces rimosus 


in an aspartic acid medium 
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the ammonium salts of succinic, lactic, iso. alery 
pyruvic, and acetic acids (serving primarily as ayail. 
able nitrogen sources) were utilized poorly fo: bot) 
growth and antibiotic formation. Significant ant :bioti: 
production was obtained only with ammoniuii tar. 
trate. In the above studies, however, the organiv acid 
used were not studied as carbon substitutes for the gly. 
cose or starch in the medium. 

These studies have shown that various carbohydrate: 
differ in their ability to support growth and to stimula 
antibiotic formation with S. rimosus strain 2234. Wit) 
both the aspartate and B-alanine media, it has been pos. 
sible to achieve marked increases in cell mass without 
concomitant elevations in antibiotic production. Eyi- 
dently, all of the necessary metabolic intermediate; 
were present for growth but not for antibiotic syn. 
thesis. An examination of the data suggests that some. 
thing other than the optimal pH for antibiotic produc. 
tion appeared to account for this. Lastly, in the absence 
of a readily fermentable carbohydrate or related con- 


TABLE 6. Effect of organic acids on antibiotic formation, fina 
pH, and growth with Streptomyces rimosus 


Mg dry cel 


Addition* : 
weight 


Carbon source Final pH TC activity 


mg/ml pg/ml 


Medium 8-3 with 10 mg/ml of DL-aspartic acid 












_ | Fi-| TC TC 
Carbon source pve nH _ oe . — 

mg/ml pg/ml ped 

Glucose. . 2 19.2 | 46 142 32.4 
Glucose. . 4 9.0 115 159 72.3 
Sorbitol 2 (9.0 | 36 178 20.2 
Sorbitol 4 9.0 119 233 51.1 
L-Arabinose 2 {8.7} 31 108 28.7 
L-Arabinose. . 4 {8.6 | 71 165 43 .0 
Fructose. 2 |9.0 | 30 211 14.2 
Fructose 4 |9.0]| 73 216 33.8 
Dextrin 2 19.0] 17 147 11.6 
Dextrin. . 4 9.0 | 58 181 32.0 
Galactose. 2 9.0) 7.5 167 4.5 
Galactose 4 |9.0| 48 150 32.0 
Sodium. pyruvate 2 |8.8) 8.4 30 28.0 
Sodium pyruvate 4 8.8] 8.1 28 28.9 
p-Xylose.. 2 |8.7) 5.0 42 11.9 
p-xylose. 4 |8.6| 4.4 48 9.2 
a-Ketoglutarie acid 2 68.81 2.7 29 9.3 
a-Ketoglutaric acid 4 |8.8| 2.4 39 6.2 
Inulin.... 2 18.7 1.8 24 7.5 
Inulin. ... 4 8.7 1.6 25 6.4 
Glutarie acid 2 18.5 1.8 22 8.2 
Glutaric acid. 4 |8.6 |<1.0 12 <8.3 

Glucuronic acid lactone., 2 . No growth | — 


Glucuronie acid lactone.| 4 -- No growth 


* Final concentrations of carbon tested (exclusive of that 
contained with the addition of 10 mg per ml of pDL-aspartic 
acid). All carbon sources were autoclaved separately. Incu- 


bated for 7 days. TC = tetracycline. 





Glucose 2 8.8 51 118 
Glucose 4 8.6 89 168 
Sodium acetate "4 8.8 4.2 13 
Sodium acetate 4 8.5 a. 14 
Malonie acid 2 8.6 2.2 18 
Malonie acid 4 8.6 3.2 16 
L-Malie acid 2 8.9 3.4 15 
L-Malie acid 4 8.7 3.8 10 
Succinic acid 4 8.7 6.5 19 
Succinie acid 4 8.7 4.4 13 
Citrie acid 2 8.6 2.5 14 
Citrie acid 4 8.3 | | 
Fumaric acid 2 8.8 §.2 15 
Fumaric acid. . 4 8.8 3 15 
Medium 8-3 with 10 mg/ml of 8-alanine 
Glucose 2 8.2 87 196 
Glucose 4 8.3 138 105 
Sodium acetate 4 8.5 8.3 62 
Sodium acetate 4 8.4 5.3 25 
Maloniec acid. 4 8.3 10 53 
Malonic acid. 4 8.3 7.4 39 
L-Malie acid 2 9.0 2.8 94 
L-Malie acid 4 8.9 3.4 73 
Succinie acid 2 8.9 3 102 
Succinic acid 4 8.7 3 72 
Citric acid 2 8.7 4.7 G8 
Citrie acid 4 8.5 9.7 61 
Fumariec acid 2 8.8 2.2 &6 
Fumaric acid 4 8.8 32 59) 


* Final concentrations of carbon tested (exclusive of that 
contained in the amino acids added). All carbon sources wert 
autoclaved separately. Incubated for 7 days. TC 
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pound short chain organic acids were not utilized well 
for growth. The amino acid composition of the medium 
also appeared to influence the utilization of these or- 
ganic acids. 

On the basis of these studies, the composition of the 
preferred medium was as follows (per liter): glucose, 
10.0 ¢; (NH4)eHPOs, 0.2 g; pL-aspartie acid, 10.0 g; 
\aCl, 5.0 g; KeHPO,, 2.0 g; MgSO,-7H.0O, 1.0 g; 
CaCl.-2H.O, 0.4 g; FeSO,-7H.O, 0.02 g; and ZnSO,- 
7H.O, 0.01 g (adjust to pH 7.0 to 7.2, use distilled water 
ys diluent and autoclave the glucose separately). 
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ABSTRACT 


Wricut, ELeanor 8. (Lehn and Fink Products 
Corporation, Bloomfield, N. J.), anp R. A. Munpy. 
Studies on disinfection of clinical thermometers. IT. 
Oral thermometers from a tuberculosis sanatorium. 
Appl. Microbiol. 9:508-510. 1961.—A study was made 
of the chemical disinfection of oral thermometers used 
by patients with active pulmonary tuberculosis. Only 
10% of these thermometers were found to be contam- 
inated with acid-fast bacilli. Because of this small num- 
ber, the use of a phenol coefficient type test with 
Mycobacterium tuberculosis was suggested as an alter- 
native method for evaluating tuberculocidal activity. 
These data, in conjunction with data from Part I of 
these studies dealing with disinfection of oral ther- 
mometers from a general hospital, were the criteria used 
to judge the efficacy of the disinfectants. It was con- 
cluded that 70% ethyl alcohol, 2% phenolic no. 1, and 
3% phenolic no. 3 were reliable disinfectants for 
thermometers. Fifty per cent ethyl alcohol, 2% pheno- 
lic no. 2, 2% iodophor (300 ppm available iodine), and 
0.1% benzalkonium chloride, aqueous or tincture, were 
unreliable. 





With about 2,000,000 potentially active cases of tu- 
berculosis in the United States (U. S. Department of 
Health, Education and Welfare, 1957), the proper dis- 
infection of oral thermometers used in hospitals is a 
problem of prime importance. This study, dealing with 
the disinfection of thermometers contaminated with 
Mycobacterium tuberculosis, is an adjunct to a previous 
study (Wright and Mundy, 1958) which dealt with the 
action of disinfectants on other microorganisms en- 
countered on thermometers. 

The subject of adequate disinfection of thermometers 
with special reference to M. tuberculosis has been con- 
sidered by several authorities. These studies have dealt 
with conditions attempting to simulate those of actual 
use. Frobischer, Sommermeyer, and Blackwell (1953) 
worked with thermometers or glass rods which had 
been dipped in sputum containing acid-fast bacilli. 
Ritter (1956) used glass rods dipped in a mixture of 
mucin and a culture of J/. tuberculosis strain H37Rv. 
The failure of these methods to simulate actual usage 
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is readily discernible. The use of sputum overloads the 
thermometer with a viscous organic load, whereas the 
use of the culture mixed with mucin overloads the 
thermometer with mycobacteria, none of which is em. 
bedded in typical mucoid particles. In our experience, 
the used oral thermometer is a relatively clean object, 
rarely showing visible soil. 

A review of the literature convinced us that only a 
small percentage of objects used by tubercular patients 
became contaminated with M/. tuberculosis and thes 
only lightly contaminated. Griffith and Denaro (1956 
found 13.1% of forks, used by patients with tubercle 
bacilli in the sputum, were contaminated with J. 
tuberculosis. After reviewing literature concerning acid- 
fast bacilli in the mouth, Appleton (1950) concluded 
that tubercle bacilli may occasionally be found in the 
mouths of tuberculous patients. 

With these facts in mind, it was decided to test 
thermometers used by patients in a tuberculosis sana- 
torium. The ward selected for our study was one of 
male patients who had just been admitted to the hos- 
pital and whose sputum was positive for M7. tuberculosis 
upon admission. When the patients received treatment 
with isonicotinic acid hydrazide or streptomycin, the 
sputum followed the usual course of fluctuations from 
positive to negative. 


MATERIALS AND METHODS 


Thermometers. Becton-Dickinson! oral thermometers 
were used for the tests. So that the thermometers could 
be heat sterilized, the mercury was removed by break- 
ing the upper tip and centrifuging. The broken tip was 
resealed. 

Disinfectants. All disinfectant solutions were pre- 
pared on a volumetric basis in sterile distilled water 
The following disinfectants were tested: 

Ethyl alcohol 

Synthetic phenolic no. 1 (p.c. 10)?, o-hydroxydi- 
phenyl and p-tertiary-amyl phenol solubilized by po- 
tassium ricinoleate. 


Synthetic phenolic no. 2 (p.c. 10), potassium o-benzyl- 


p-chlorophenate and _ o0-benzyl-p-chlorophenol _ solt- 


bilized by potassium ricinoleate. 


1 Becton, Dickinson and Company, Rutherford, N. J. 
2p.c. = Phenol Coefficient. 
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Synthetic phenolic no. 3 (p.c. 5), o-hydroxydipheny] 
wlubilized by ptassium ricinoleate. 

Commercial iodophor, iodine solubilized by nonionic 
detergent; 1.6% available iodine. 

Benzalkonium chloride 

Media. In_ preliminary Lowenstein-Jensen 
medium (LJM) was used for the propagation of M. 
uberculosts. Later, a liquid medium, Difco* TB broth 
base plus additives, was used. The Lowenstein-Jensen 
medium was originally used to keep contamination to a 
mnimum. However, the use of a solid medium was not 


tests, 


considered ideal since the thermometer is triangular in 
cross-section and only one surface was in contact with 
the LJM slant. Even rotating the thermometer on the 
sant before incubation might not insure adequate con- 
tact. The use of a liquid medium was deemed advisable. 
Difeo TB broth base, to which 2% glycerine, 0.5% glu- 
cose, and 10% bovine serum were added, was selected. 
since none of the disinfectants tested was sporicidal, 
this type of contamination could not be controlled. All 
tubes showing contamination before the end of the 
sweek incubation period were discarded from the test 
results. 

Method. Thirty thermometers were placed in a cov- 
eed enamel tray and sterilized at 165 C for 90 min. 
The thermometers were taken to the tuberculosis sana- 
iorium and placed in the mouths of patients with active 
pulmonary tuberculosis. The thermometers were col- 
lected in a second sterile tray and returned to the labo- 
ratory. There was a time lapse of about 3 hr between 
the use of the thermometers and their disinfection. 
tach thermometer was placed in a sterile, capped 
tube containing sufficient disinfectant (20 to 25 ml) for 
complete immersion. After 15 min at 20 C, each was 
rinsed in a tube of distilled water containing suitable 
ueutralizer; 1% Tween 80 (polyoxyethylene sorbitan 
nonooleate) for phenols and 0.5% Tamol N‘ for qua- 
lernaries. Each was then transferred to a tube of cul- 
‘ure medium. transferred to LJM 
medium were rotated on the slant. Tubes were incu- 


Thermometers 


hated at 37 C for 8 weeks. As soon as growth was 
visible, Ziehl-Neelsen strains were made to identify 
iwid-fast microorganisms. 

Control tests were made in two ways. One series of 
controls was made substituting 0.5% NaOH for the 
disinfectant solutions in the above procedure. It was 
tecognized that this method might lead to mechanical 
moval of bacteria from the thermometer due to the 
‘leansing action of the 0.5% NaOH, followed by the 
tinsing. It was considered of interest to determine the 
uumber of thermometers contaminated with acid-fast 
bacilli when no organisms could be lost by the rinsing 
technique. Ninety-five thermometers were placed in 
individual centrifuge tubes containing 0.5% NaOH 

*)ifeo Laboratories, Inc., Detroit, Mich. 

‘Rohm and Haas Company, Philadelphia, Pa. 


and centrifuged for 30 min. The supernatant was de- 
canted and the sediment neutralized and cultured on 
two LJM slants. The thermometers were also cultured 
on LJM slants. 

Method to demonstrate elimination of bacteriostasis in 
culture tubes. After exposure to the disinfectant and the 
rinse, five sterile thermometers from each disinfectant 
were placed in one tube of LJM or in one tube con- 
taining 10 ml of the TB broth medium. Tubes were 


TABLE 1. Results of treatment of thermometers with 
various disinfectants at 20 C 


No. tested and no. 
positive for acid- 
fast bacilli 
Lowen- 
stein- 7 | 
Jensen TB broth | 
medium 


Disinfectant 


| Total no. tested 
| Per cent showing acid-fast bacilli 


| 

| No. tested 
No. positive | 

| Mo. positive | 


| No. tested 


Ethyl aleohol, 50% 
Synthetic phenolics: 
No. 1 (p.ec. 10), 2%. 
No. 2 (p.c. 10), 2%. 
No. 3 (p.c. 5), 3% 
Iodophor, 2% (300 ppm available | 
iodine) 
Benzalkonium 


No 
oO 
we 
oS 


chloride 
aqueous solution | 

Control, 0.5% NaOH rinse....... 166 | 

Control, 0.5% NaOH and centri- 
fuged . 


0.1% 


p.c. = phenol coefficient. 





TABLE 2. Summary of results of all tests for 
thermometer disinfection 


Thermometers 


P.C Accept- 


Disinfectant H37Rv able 


General culosis 
hospital, | sanato- 
Part I rium, 
Part II 
Ethyl alcohol: 
50% 
70%... 
Synthetic phenolics: 
No: 1 (pc: 10); 2%. ««..:. 
No. 2 (p.c. 10), 2%. ... 
No. 3 (pic. 5), 8%. ..... 
Iodophor, 2% (300 ppm 
available iodine) .. .. No 
Benzalkonium chloride: 
0.1% Aqueous.......... + No 
0.1% Tincture — oo No 


+ = Growth of microorganisms; — 
organisms. p.c. = phenol coefficient. 

* Data in publication. (Scheduled for publication in the 
Am. J. Hosp. Pharm.) 


= no growth of micro- 
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inoculated with 0.01 ml of a dilute suspension of M. 
tuberculosis strain H37Rv containing approximately 5 
to 10 bacilli. Good growth occurred in all tubes, indicat- 
ing the absence of bacteriostasis. 


RESULTS AND DiscussIon 

The results of all tests are summarized in Table 1. 
Approximately 10% of thermometers from mouths of 
patients with active pulmonary tuberculosis exhibited 
acid-fast bacilli, as demonstrated by the controls. This 
number was remarkably constant during the entire 
study regardless of culture media or procedures. The 
number of acid-fast bacilli found on this 10% was 
small, varying from | to 8 per thermometer. The con- 
trol thermometers which had been rinsed showed the 
same rate and amount of contamination as the un- 
rinsed. 

In spite of the small percentage of potentially con- 
taminated thermometers in the group of 100 used to 
test the performance of a disinfectant, certain definite 
conclusions can be drawn. It is evident that 0.1% 
aqueous benzalkonium chloride and the iodophor (300 
ppm available iodine) did not kill all acid-fast bacilli. 
The synthetic phenolics and 50% ethyl alcohol were 
found to kill this type of microorganism. 

In Part I of this investigation we studied the disin- 
fection of oral thermometers used by patients in a gen- 
eral hospital. These thermometers were found to be 
contaminated with a variety of microorganisms. From 
those data, it was possible to establish the ability of a 
disinfectant to kill microorganisms, other than .V/. tuber- 
culosis, under practical conditions. Extension of the 
method of Part I to 1/7. tuberculosis in the present study 
showed that it would be necessary to test a large num- 
ber of thermometers to establish the reliability of a 
disinfectant as a tuberculocide. Under certain circum- 
stances this might not be practical. As an alternative 
to the tuberculocidal tests described in Part II, phenol 
coefficient type tests using a suspension of M. tuber- 
culosis strain H37Rv (Wright and Shternov, 1958) were 
made. Tuberculocidal activity in these phenol coeffi- 
cient tests and satisfactory disinfection of thermome- 
ters from a general hospital, as described in Part I, 
would indicate the reliability of the disinfectant. A good 
germicidal performance in tests with thermometers, 
Part I, is of paramount importance to demonstrate the 


ability of the disinfectant to penetrate the natural 


barrier of saliva or mucous which may surround the 
microorganisms. 

Applying these criteria to the disinfectants studied, 
we found the results shown in Table 2. Of the disin- 
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tested, 


fectants 


70% ethyl alcohol, 2% sy iitheti 
phenolic no. 1, and 3% synthetic phenolic no. } wer 
accepted by all criteria. Ethyl alcohol, 50%, fe led ty 
disinfect all thermometers from the general hospital 
and failed to kill consistently all tubercule bacilli in the 
phenol coefficient type test. Its apparent good perform. 
ance with the thermometers from the tuberculosis 
sanatorium might be due to the paucity of contam. 
inated objects tested. The iodophor performed well jy 
the phenol coefficient type test with M. tuberculosis byt 
failed in tests with thermometers. This is « good 
example of the necessity for testing disinfectant actioy 
against microorganisms surrounded by their natura 
protective coating of mucous, saliva, and so forth, 
Tests with 2% synthetic phenolic no. 2 demonstrated 
this same important fact. Tincture of benzalkonium 
chloride disinfected the thermometers from the general 
hospital. It was not tested with those from the tuber. 
culosis sanatorium because 50% ethyl] alcohol had per. 
formed well per se. However, further testing by the 
phenol coefficient test with strain H37Rv indicated 
that this disinfectant was unsatisfactory since it could 
not be relied upon for tuberculocidal activity. 
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ABSTRACT 

Bryant, M. P. (Agricultural Research Center, 
Beltsville, Md.), I. M. Ropinson, anp Ivan L. Lin- 
pant. A note on the flora and fauna in the rumen of 

steers fed a feedlot bloat-provoking ration and the 

effect of penicillin. Appl. Microbiol. 9:511-515. 1961.— 

A study was made of the predominant culturable bac- 

teria and ciliate protozoa present in the rumen of two 

steers that were regularly bloating on a pelleted ration 

containing 22% alfalfa meal, 16% soybean oil meal, 

61% barley, and 1% common salt. Vhe ruminal micro- 

organisms in the two animals differed as indicated by a 

high total culture count of bacteria, an almost complete 

absence of ciliate protozoa, a low pH, and a difference 

in the proportions of presumptively identified pre- 
dominant bacterial groups in one animal (steer 26) as 
compared with the other (steer 32). The first exposure 
of the animals to procaine penicillin (75 or 150 mg per 
day on 2 successive days) resulted in an abnormal 
ruminal flora 31 hr after the first treatment as indicated 
by drastic drops in total and cellulolytic bacterial counts 
and a change in the proportions of predominant bac- 
terial groups. The animals refused feed for 32 to 48 hr 
after the first treatment. After feed consumption re- 
sumed, further treatment with 75 mg penicillin on 4 
successive days did not appear to greatly alter the flora 
and did not result in feed refusal in animal 32. In animal 
26, amounts of penicillin progressing from 50 to 200 mg 
per day did not result in feed refusals and observations 
on rumen ingesta samples during this period indicated 
a decrease in total bacterial count, a great increase in 
numbers of ciliate protozoa, a higher pH, and a change 
in the proportions of predominant bacterial groups so 
that the ruminal picture was much more similar to that 
of animal 32 than to its own during the pre-penicillin 
period. Bloat was not relieved except during the period 
of feed refusal. 

The results indicate that the ruminal flora rapidly 
adapts to penicillin and that bloat of the feedlot type 
‘an occur in animals with widely differing numbers and 
kinds of bacteria and protozoa. Feedlot bloat does not 
appear to be correlated with the occurrence or numbers 
of any of the individual predominant groups of bacteria 
cult ured. 





It has been suggested that ruminal bacteria are in- 
timately involved in the etiology of bloat of cattle 
‘caused by the feeding of rations high in concentrate. 
Jacobson et al. (1957), using direct microscopic meth- 
ods, found the degree of encapsulation of ruminal 
bacteria to be highly correlated with the average bloat 
index and suggested that slime production, caused by 
the capsular material, was involved in the production 
of frothy ruminal ingesta which was responsible for 
bloat. Gutierrez et al. (1959) in direct microscopic and 
cultural studies found that Peptostreptococcus elsdenii 
and organisms similar to Streptococcus bovis increased 
considerably in numbers as cattle started to bloat. It 
was suggested that S. bovis was one of the organisms 
responsible for slime production and that P. elsdenii 
might also be involved via its production of large 
amounts of gas from lactate and the formation of a 
filamentous mat of long chains which might contribute 
to stable foam. More recently, Hartman et al. (see 
Ellis, 1960) could find little correlation between num- 
bers of facultatively anaerobic streptococci or lacto- 
bacilli, enumerated by selective cultural procedures, 
and bloat in the rumen of animals on a feedlot bloat- 
provoking ration. 

Relatively little is known of the predominant bac- 
teria present in the rumen of animals bloating on ra- 
tions high in concentrates. Gutierrez et al. (1959) uti- 
lized nonselective culture media but the method was 
somewhat selective for fast growing organisms such as 
S. bovis because cultures were incubated for only 24 hr 
before being enumerated and identified (see Hungate 
et al., 1952) and, although many other organisms were 
present, they were not identified. 

The present study was undertaken to determine the 
predominant groups of culturable bacteria present in 
animals bloating on a ration containing mainly concen- 
trate. Observations also were made on ciliate protozoa 
and on the effect of penicillin on the flora and fauna. 


MATERIALS AND METHODS 


The two mature steers were fed the pelleted ration 
used by Lindahl et al. (1957) containing 22% alfalfa 
meal, 16% soybean oil meal, 61% barley, and 1% 
common salt. Eight pounds of the ration were fed at 
8 AM and 3 pM daily. Steer 32 had been maintained on 
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the ration for approximately 13 months and steer 26, 
for about 6 months. Steer 32 had a ruminal fistula that 
was tightly closed throughout the experiments except 
when the ruminal pressure was recorded. The degree of 
bloat was measured in steer 32 after each feeding by the 
direct determination of ruminal pressure and in steer 26 
by the numerical rating system (Lindahl et al., 1957). 
Procaine penicillin was given orally by capsule before 
the morning feeding. 

Samples of ruminal ingesta were collected by stomach 
tube at 2 pm. Observations on pH, the relative numbers 
of ciliate protozoa, and methods for total anaerobic 
counts (rumen fluid-glucose-cellobiose-agar medium), 
for counts of cellulolytic bacteria, and for the isolation 
and presumptive identification of most bacterial groups 
are reported elsewhere (Bryant et al., 1960). 

The bacterial groups included (1) Ruminococcus sp., 
(2) Bacteroides succinogenes, (3) B. ruminicola, (4) 
strictly anaerobic homofermentative lactobacilli, (5) 
Selenomonas sp., (6) Succinivibrio sp., (7) Butyrivi- 
brio sp., (8) atypical Butyrivibrio sp., (9) Lachnospira 
sp., (10) large curved rods similar to strain B 385, 
(11) unidentified group of motile, spindle-shaped rods, 
and (12) all other unidentified strains. 

Some bacterial groups not found in the previous 
study were found in the present one. Some character- 
istics used to presumptively identify these groups were 
as follows. Succinimonas amylolytica (group 13) in- 
cluded anaerobic motile, oval, gram-negative rods that 
did not produce H.S or gas and produced a final pH of 


TABLE 1. Data on bacterial culture counts and pH of ruminal 
contents, bloat ratings, and penicillin treatment of two steers 
fed the feedlot bloat-provoking ration 


’ . Cellulo- 
Date of Anaerobic lytic Bloat oe ee 
: bacteria . . pH : Pencillin treatment 
sample sont bacteria index 
count 


billions/g | millions g 


Steer 32 





4/19 8.2 44* | None 

4/26 Ze 220 5.75 | 35 None 

5/10 1.6 110 5.90 | 40 None 

5/17 2.0 130 6.20 34 None 

5/24 0.3 <0.2 5.85 7 150 mg 5/23, 24 

5/31 2.2 70 5.85 | 20 | 75 mg 5/28, 29, 30, 31 
Steer 26 

6/14 | 13 540 5.31 4+ | None 

6/21 16 220 5.30 4 None 

6/24 | 23 540 5.20 4 None 

7/19 1.4 <0.02 | 5.00 0 75 mg 7/18, 19, 20 

7/26 0.92 24 5.90 3 50 mg 7/23, 24, 26 

8/2 1.6 24 5.88 4 75 mg 8/1, 4,8 

8/12 1.3 11 5.88 3 100 mg 8/9-12 

8/16 4.2 350 6.60 3 200 mg 8/13-16 


* Number represents mm Hg above atmospheric pressure 
after the morning feeding. 


+ Visual estimate of bloat, 0 = none, 5 = severe. 





[\ on. § 


5.2 to 5.8 in liquid glucose medium. Borrelia sp. ( croup 
14) included anaerobic, motile, gram-negative -piro. 
chetes that were variable in H.S production, did no: pro. 
duce gas, and produced a final pH of 5.2 to 6.0. Strep. 
tococcus sp. (group 15) included facultatively anaerobic, 
gram-positive, nonmotile, short-chained cocci that did 
not produce gas or H.S and produced a final pH of 1.1 to 
4.5. Eubacterium ruminantium (group 16) included 
anaerobic, weakly gram-positive, nonmotile, short rods 
to cocci that did not produce H.S, were variable in gas 
production, and produced a final pH of 5.0 to 5.5 in 
liquid glucose medium. None of the groups 13 to 16 
digested cellulose. For a more complete description of 
morphology, colony types, and appearance of growth 
in glucose broth and in glucose agar deeps, see Bryant 
(1959) or references therein. These characteristics were 
also used in the presumptive identifications. A very 
high correlation has previously been shown between 
many strains presumptively identified by experienced 
workers on the basis of the above few characteristics 
and the same strains positively identified via more 
detailed studies (Bryant et al., 1960; Bladen, Bryant, 
and Doetsch, 1961). 


RESULTS 
Data, some of which are shown in Table 1, indicated 


that both animals exhibited at least moderate bloat 
after each feeding throughout the experimental period 


except for about 3 days (six feedings) starting with the ' 


fourth feeding after penicillin was first administered. 


TABLE 2. Presumptive groups of ruminal bacteria 
cultured from steer 32 


Per cent of total strains 


Post 
penicillin 
samples 


Presumptive bacterial group Pre-penicillin samples 


4/19* | 4/26 | 5/10 | 5/17 | Mean | 5/24 | 5/31 


1. Ruminococcus sp........| 2 | 4 6] 213.81 8; 2 
2. Bacteroides succinogenes | 2 2 2 2;2.0| 0; 0 
3. B. ruminicola 5 | 6; 0| 4.5 8 | 4 


4. Anaerobic lactobacilli ..| 0 0 0 0 0 0; 8 
5 


5. Selenomonas sp.........| 12 | 4 4 6 | 6.5) 39 | 4 
6. Succinivibrio sp. of Bl St | 07110) BZ 0) D 
7. Butyrivibrio sp. ...| 20 | 20 | 21 | 48 | 27.6) 0} 19 
8. Butyrivibrio, atypical...| 6 | 10} 4] 25 | 13.1) 0) 8 
10. Similar to B385....... oi 2] O@] OO} Tae 0; 8 
12. Miscellaneous unidenti- 

fied strains : ..| 32} 8] 35] 4] 19.6) 53 | 17 
13. Succinimonas sp........ 21 0|10) 0) 30 0| @ 
14. Borrelia sp... 50 0; 4; 6] 4] 3.5) Oj} 2 
15. Streptococcus sp. ico O81 O11 O71 Oo] @ 0; 0 
16. Eubacterium ruminan- 

tium 4 6 4 0; 3.5) 0} 183 


Total strains 50 | 49 | 48 | 52 |199 36 | 48 


* Date of sample. 
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39 | 4 
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0; 19 
0 8 
0 0 
53 | 17 
0 0 
0 2 
0 0 
0 | 13 
36 | 48 





This period, when bloat was reduced for both animals, 
corresponded with the only period of feed refusals. 
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Stecr 32 was sacrificed after the rumen became de- 
tached from the fistula; therefore, the effect of levels of 
penicillin higher than 75 mg could not be determined 
after the animal returned to feed after the two 150-mg 
doses. Neither bloat nor appetite of steer 26 was affected 
by levels of penicillin up to 400 mg after return to feed 
after the primary dosing with 75 mg of penicilin on 
ach of 3 days. 

Analysis of variance of data (Table 1) from ruminal 
samples obtained before penicillin treatment showed 
that the means of the anaerobic counts and the pH 
values for the two steers differed significantly at the 
0.01 level of probability (?). The means of the cellulo- 
lytic counts differed and this approached significance 
(0.05 P). The fauna of the two steers during this period 
was radically different. Ruminal contents of steer 32 
contained large numbers of large and small oligotrich- 
ous and holotrichous ciliates, whereas none could be 
seen in contents of steer 26 except for an occasional 
Entodinium sp. 

Excluding the first post-penicillin samples, there were 
no significant differences between the two animals in the 
bacterial counts or pH (Table 1) or in ciliate protozoa 
from samples after penicillin treaiment, and before 
penicillin in steer 32, except that large oligotrichous 
ciliates did not become established in steer 26. Entodinia 
were established in good numbers in this steer between 
the 7/19 and 7/26 samples and holotrichs, between the 
7/26 and 8/2 samples. The bacterial counts showed a 
drastic drop in both animals in the first post-penicillin 
sample. 


TABLE 3. Presumptive groups of ruminal bacteria 
cultured from steer 26 

a : = 

| Per cent of total strains 


Bacterial group Pre-penicillin samples Post-penicillin samples 


’ | l aoe 
16/14*| 6/21 | 6/24| Mean | 7/26] 8/2 | 8/12 | 8/16| Mean 


1 6| 4] 0] 3.3] 0} O| 7] O| 1.9 
2 9/ 8| 0| 5.5] 0] 0/10! 0} 2.6 
3 113] 2} 6| 6.8/29| 2] 20] 17} 16.7 
4 | 0} 0| 0} O 0|14;) 7] O| 5.8 
5 2} 4/10} 55/24] 5] O| 3] 8.4 
6 | O| 0] O| O 0| 2/24] 38| 14.2 
7 2} 0] O O.7 | 7114) a) 6 rien | 
s | 2| 8| 4] 48/20] 9| 12] 21] 14.8 
10 | 40 | 26| 58| 41.1] 0] O| O| O| O 

12 }17) 49/13 | 26.7) 12) 5) 15/14) 11.0 
13 | 0} O| O| O 0} 0) 0| 0| Oo 

14 | 2} O| 6| 2.7] O| O| Oj O| O 

15 4} 0] 0] 1.4] 0|50| O| O| 14.2 
16 2} 0] 2| 1.4| 7| O} O| 7| 38.2 


Total strains..| 47 | 51 | 48 | 146 41 | 44 | 41 


Date of samples. 





Tables 2 and 3 show the distribution of presumptively 
identified predominant culturable bacterial groups in 

the two animals. The distribution of the bacterial 

groups in the animals before penicillin treatment were 

similar except that groups 6, 7, and 8 tended to be a 

higher percentage of total strains in steer 32, and group 

10 was higher in animal 26. Analysis of variance indi- 

‘ated this difference for group 6 was nonsignificant, for 
group 7 and 8, together, approached significance (0.05 

P) and for group 10 was highly significant (0.01 P). 

Data on groups of bacteria in the first sample from 
steer 26 after penicillin treatment was started (7/19 
sample) were not obtained because spreading growth 
caused contamination of colonies in all roll tubes. How- 
ever, the highly spreading growth, by itself, indicated 
a difference from other samples. 

The distribution of bacterial groups in the first post- 
penicillin sample from animal 32 was quite different 
from other samples in that only a few groups were iso- 
lated. These were mainly group 5 and group 12 (mis- 
cellaneous unidentified strains). The latter group in- 
cluded mainly (11 of 19 strains) one subgroup of strictly 
anaerobic, noncellulolytic, non-gas-forming, H.S-pro- 
ducing, gram-negative, nonmotile, regularly shaped 
rods that produced a final pH of 4.7 in glucose medium. 
The regular cell shape and the somewhat low pH were 
used to separate this subgroup from group 3. Another 
subgroup 12 in this sample included 5 strains of small 
gram-variable diplococci that were inactive in all tests 
except that they produced a pH of 5.4 to 5.6 in glucose 
medium. Similar strains were not found in other sam- 
ples. 

A comparison of bacterial groups cultured from pre- 
and post-penicillin samples of animal 26 indicated that 
group 4 and group 6 occurred for the first time, groups 
7 plus 8 increased, and group 10 disappeared in the 
post-penicillin samples. The differences in groups 4 and 
6 were not statistically significant but the differences in 
groups 7 plus 8 and group 10 were highly significant 
(0.01 P). 

The bacterial groups cultured from the post-peni- 
cillin samples of steer 26 (Table 3) were not significantly 
different from those cultured from the pre-penicillin 
samples of steer 32 (Table 2) except for group 7 which 
was a higher percentage of total isolates in the latter 
samples (0.05 P). 


DIscUSSION 


The results indicate that bloat of the feedlot type can 
occur in animals with widely divergent numbers of bac- 
teria and protozoa present in the rumen, predominant 
groups of bacteria present, and ruminal pH values. Al- 
though the two steers bloated during all periods of the 
study except for a short period following first exposure 
to penicillin, the picture of the ruminal microorganisms 
in pre-penicillin samples from steer 26 was substantially 
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different from that of post-penicillin samples from the 
same animal or pre-penicillin samples from steer 32. 
There appears to be no definite abnormality in the 
occurrence of one or more predominant groups of bac- 
teria that correlates with bloat in the present animals. 
Gutierrez et al. (1959) indicated that organisms similar 
to Streptococcus bovis increased greatly in numbers and 


were among the predominant culturable bacteria as 
bleat started to occur in animals on the feedlot ration. 
In the present study, facultatively anaerobic strepto- 
cocci were cultured only sporadically among the pre- 
dominant bacteria and direct microscopic studies of 
Gram-stained smears of the ruminal samples tended to 
confirm the cultural results. The difference between the 
present results and those of Gutierrez et al. (1959) is 
possibly explained on the basis of the much longer time 
period that the present animals were on the ration be- 
fore samples were taken. 

As in the study of Gutierrez et al. (1959), long chains 
of large cocci similar to Peptostreptococcus elsdenii were 
quite numerous in the Gram-stained smears of all 
samples except those taken after penicillin treatment. 
These organisms were not among the predominant bac- 
teria cultured although they grew very well in the 
medium used. This, as suggested by Gutierrez et al. 
(1959), was probably due to the difficulty in breaking 
up the long chains so that more colony-producing units 
would be formed. 

The bacterial flora of the present animals is difficult 
to compare with the flora of cattle fed other rations 
because of the great differences between the present 
animals. However, in general, the types of bacteria 
appear to be intermediate between animals fed alfalfa 
hay and a relatively small amount of grain and animals 
fed a ration of concentrate mixture only (Bryant and 
Burkey, 1953). As in the latter animals, the succinivibrio 
group (group 6 in the present study and S-GX in the 
previous study) was often a high proportion of the 
strains. However, the present animals differed from the 
previous animal fed only concentrates in that cellulo- 
lytic organisms similar to Bacteroides succinogenes were 
regularly found. It seemed somewhat surprising that a 
gram-negative flora predominated both in cultural and 
direct microscopic studies and that cellulolytic bacteria 
(groups 1 and 2) were present in good numbers even in 
steer 26 when the pH was about 5.3 and protozoa were 
very low in numbers. It appears that cellulolytie bac- 
teria and several other groups of normally predominant 
ruminal bacteria may remain dominant at a pH that is 
near their lower limit for growth and which seems to 
adversely affect ciliate protozoa. 

The large fluctuations in suceinivibrio-like strains in 
pre-penicillin samples from steer 32 (Table 2) is similar 
to that found in a former study of an animal fed con- 
centrates only (Bryant and Burkey, 1953). In three 
samples succinivibrio-like strains (S-GX group) ac- 





counted for 34.6, 5.6, and 10% of total isolates. The 
reason for these fluctuations is not known. 

The present results indicate that penicillin ii: ap- 
propriate levels has a drastic effect on number: and 
kinds of ruminal bacteria when they are first exposed to 
it and suggest that the animals stop eating because of 
the adverse effect of penicillin on the bacterial flora, 
In both of the steers studied, the flora was shown io be 
abnormal shortly before the animal first refused feed, 

The data also show that the ruminal microorganisms 
rapidly adapted to the penicillin because substantially 
normal observations on feed intake, cultural counts and 
pH (Table 1), and groups of predominant bacteria 
(Tables 2 and 3) were found despite penicillin treat- 
ment after the steers resumed full feed. Whether this 
adaptation was due to induction of penicillinase pro- 
duction in a few species (see Smith et al., in Ellis, 1960) 
or to the selection of penicillin-resistant strains or 
both would be an interesting problem for future work. 
Hartman et al. (see Ellis, 1960) and Wiseman, Jacob- 
son, and Miller (1960) obtained conflicting data on the 
development of penicillin resistance but neither group 
worked with the predominant anaerobic ruminal flora. 

It is of particular interest that penicillin seemed to 
cause the ruminal microorganisms of steer 26 to assume 
a more normal picture and to become similar to steer 32 
before penicillin treatment. The ruminal ingesta of steer 
26 could be considered abnormal before penicillin 
therapy in that the total bacterial counts were very 
high, very few protozoa were present, the pH was quite 
low, no succinivibrio-like strains and few butyrivibrio- 
like strains were found, and bacterial group 10 was 
present in very high numbers. All of these abnormali- 
ties except that of the butyrivibrio-like strains were 
overcome after penicillin treatment was started. 

The observation that penicillin treatment seemed to 
result in a raised pH and the establishment of ciliate 
protozoa in steer 26 seems to parallel results of Mann, 
Masson, and Oxford (1954) in studies on the effect of 
chlortetracycline on the flora and fauna of calves. 

The observed differences between the microorgan- 
isms of the two animals’ pre-penicillin samples suggest 
an animal difference. It seems unlikely that the rumen 
fistula in steer 32 had an effect because the fistula was 
well sealed throughout the experiment and the flora and 
fauna of this animal was more normal than that of steer 
26. It is well known that rations containing § large 
amounts of concentrates tend to produce a more acid 
ruminal pH. It seems possible that steer 26 did not have 
a ruminal buffer capacity as efficient as that of steer 32, 
and that the lower pH of the environment was re- 
sponsible for the selection of a somewhat different 
bacterial flora and the almost complete absence of 
protozoa. It is well known that low ruminal pH values 


can drastically affect the numbers of protozoa (Purser 


and Moir, 1959). It is also possible that the difference in 
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types of microorganisms present in the two animals, 
rather than an animal difference, caused the difference 
in pil. 
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ABSTRACT 

HesseLtTinE, C. W. (Northern Regional Research 
Laboratory, Peoria, Ill.), Anp K. Surpasakt. Miso. III. 
Pure culture fermentation with Saccharomyces rouzxii. 
Appl. Microbiol. 9:515-518. 1961.—Excellent miso has 
been prepared with soybean grits inoculated with a pure 
culture of Saccharomyces rouxii strain NRRL Y-2547. 
Pure culture inoculum of this osmophilic yeast was pre- 
pared by growing the culture in aerated flasks on a yeast 
extract medium with a salt concentration equal to that 
used in the manufacture of miso. It has also been found 
possible to make miso from whole beans with the above 
culture. The advantages of pure culture fermentation in 
producing miso are discussed. 





Miso is a Japanese food prepared by fermentation of mold 
rice, soybean, and salt. 

This is a laboratory of the Northern Utilization Research 
and Development Division, Agricultural Research Service, 
U. S. Department of Agriculture. 





As previously described (Shibasaki and Hesseltine, 
1961c), the manufacture of miso is a process involving 
two separate and distinct fermentations. The first 
involves the aerobic pure culture fermentation of rice 
with selected strains of Aspergillus oryzae (Ahlburg) 
Cohn to prepare koji (mold rice) as a source of enzymes 
and nutrients for the second fermentation—the fermen- 
tation of mold rice, salt, and soybeans. In the second 
fermentation the inoculum used is a suitable sample of 
good miso from an earlier fermentation. Such a mixed 
inoculum has two obvious disadvantages: 

1) Contaminating microorganisms are carried from 
one fermentation to the next. 

2) Since most types of miso require months to 
ferment, followed by an aging period, it is apparent that 
the proper microorganisms for the fermentation become 
reduced in number and vigor; hence, a longer period is 
required for them to grow actively and multiply. 

Since most modern fermentations are started with 
pure cultures, an obvious improvement in the manu- 
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facture of miso would be the use of a pure culture starter. 
Several different organisms might be mixed together at 
the time of inoculation if a mixed culture fermentation 
is required. 

Previous reports suggested that a variety of bacteria 
and yeasts are present in miso (Shibasaki and Hessel- 
tine, 1961a), and the implications are that several species 
of yeast and bacteria are needed to make a suitable 
product. 


MATERIALS AND MerTHODS 


Microscopic examination of miso purchased in Japan 
and used in our earlier fermentations (Shibasaki and 
Hesseltine, 1960; 1961a, c) showed fragments of my- 
celium (from the koji) yeast cells but very few bacterial 
cells. Miso from Japan, as well as miso prepared in our 
laboratory, was plated out on a variety of media used 
for the isolation of fungi, yeasts, and bacteria, including 
lactic-acid bacteria and, in some instances, with as high 
an NaCl content as that used in miso. Although various 
bacteria grew, yet in each case the dominant type of 
organism always proved to be yeasts. Among the yeasts 
present only one species occurred in large numbers, 
whereas among the bacteria there was obviously a 
mixture of a number of kinds, with no single type pre- 
dominating. In any case the bacterial totals did not 
exceed the yeast population. Therefore, we selected a 
single yeast culture of the predominant yeast present in 
miso for our first experiment. This was a strain of 
Saccharomyces rouxii Boutroux strain NRRL Y-2547, 
selected by L. J. Wickerham and reported on elsewhere 
(Wickerham and Burton, 1960). 

Koji used throughout the experiments reported in 
this paper was prepared from American rice inoculated 
with a mixture of strains of Aspergillus oryzae and pre- 
pared in the manner described elsewhere (Shibasaki and 
Hesseltine, 1961c). 

Preparation of pure yeast culture. S. rouxii strain 
NRRL Y-2547 was grown on slants of yeast extract- 
malt extract agar for several days. The slants were used 
to inoculate Erlenmeyer flasks containing the following 
ingredients: 0.3% yeast extract, 0.3% malt extract, 
0.5°% peptone, 10.0% NaCl, and distilled water. The 
pH was not adjusted. Each flask contained 150 ml of 
medium. The inoculated flasks were placed on a Gump 
shaker in a 28 C incubator and harvested after 10 days 
for inoculum. 

Preparation, cooking, and fermentation of soybeans. 
Soybean grits were prepared as previously described 
(Shibasaki and Hesseltine, 1961c). The grits were made 
from the soybean variety Jackson harvested in 1959. 
Two 1-kg lots of dry grits were placed in large beakers 
and 1.5 liters of tap water were added. The grits were 
allowed to soak for 2.5 hr at room temperature. Oc- 
casional stirring was necessary for the grits to uniformly 
absorb water. At the end of this time, the grits were soft 


and nearly all the water had been absorbed. The erits 
were then wrapped in cheesecloth bags and place | to- 
gether in the soybean cooker described else\ here 
(Shibasaki and Hesseltine, 196106). 

Steam was allowed to flow from the top of the cooker 
through the bottom for 10 min with the bottom drain 
open. Then the bottom valve was closed and pressure 
was allowed to rise to 5 psi. Cooking then continued for 
1 hr. At the end of this time, the steam was shut off and 
the beans were allowed to stand in the cooker for 25 
min. Next, the cooked grits were removed, placed in 
glass beakers and allowed to cool. The two lots of grits 
now weighed 2,096 and 2,100 g. Then, 400 g of salt and 
800 g of moist koji were added to each lot of cooked 
grits and thoroughly mixed. 

Fermentation | was inoculated by weighing out 50 g 
of miso from a previously good fermentation and sus- 
pending it in 215 ml of sterile tap water; this was used 
for inoculum. After inoculation, the paste was tightly 
packed into a single glass fermentor, described else- 
where (Shibasaki and Hesseltine, 1961c), and covered 
with parafilm. The lid was tightly closed on the fer- 
mentor before placing it in a 28 C incubator. Fermenta- 
tion 2 was inoculated with about 145 ml of a pure culture 
of S. rouxti prepared as described above. This inoculum 
was mixed thoroughly with the above materials and 
placed in a fermentor. Conceivably during this operation 
a few air contaminants might have entered the fer- 
mentor. This fermentor was tightly closed and_ placed 
at 28 C. 


RESULTS 

After 48 hr, the contents of both fermentors appeared 
to be alike. However, at 96 hr, fermentor 2 had a strong 
yeast and ester odor, and the fermentation was obvi- 
ously going on at a rapid rate. Fermentor 1 had no odor 
other than that present at the time of inoculation. At | 
week, both fermentors were placed in a 35 C incubator. 
On the eighth day fermentor 1 had a typical odor of 
esters and alcohol and on the tenth day a white my- 
celium of the yeast appeared on the surface of the miso; 
this is characteristic of traditional miso fermentations 
as carried out on a small scale in our laboratory. How- 
ever, in fermentor 2 no mycelium appeared, even though 
its contents had started to ferment earlier. At the end of 
60 days, both fermentors were removed from the 35 C 
incubator and allowed to age for 2 weeks at room tem- 
perature. At this time the material in both fermentors 
was harvested. The results are summarized in Table 1. 

At the time of harvest about 100 g were tightly 
packed into glass containers and sent for evaluation to 
K. Shibasaki at Tohoku University, Sendai, Japan. He 
and his associates judged both products (fermentation | 
and 2) to be high quality miso, as compared to Japanese 
miso. The analytical data on these samples are sum- 
marized in Table 2. 
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This analytical comparison points out the close agree- 
ment between pure culture fermentation and that con- 
ducted with traditional type inoculum. Taste, appear- 
ance, and odor tests by other qualified persons in Japan 
confirmed the fact that the pure culture miso product 
compared favorably with the traditional miso. 

With the pure culture NRRL Y-2547 and soybean 
variety Hawkeye, the above experiment was repeated 
in identical fashion with similar excellent results. 

Pure culture fermentation with whole soybeans. Since 
we had shown that pure culture fermentation of soybean 
grits gave excellent miso, it seemed desirable to deter- 
mine what would happen if whole soybeans were 
fermented with the above strain of S. rouxii NRRL 
Y-2547. The pure culture inoculum, the koji, and the 
amounts of each ingredient in the fermentation were 
kept the same. Whole soybeans (Hawkeye) in 1-kg 
amounts were placed in large containers with 1.5 liters 
of tap water and left for approximately 24 hr at 25 C. 
The whole, soaked beans were placed in the soybean 
cooker; steam was allowed to flow through the mass for 
15 min; and the beans were then cooked at 5 psi for 1 
hr and 15 min. After the soybeans had cooled, salt 
and koji were added, and the whole mixture was lightly 


TABLE 1. Comparison of pure culture versus mixed culture 


fermentation of miso using soybean grits 


Saccharomyces rouxii strain 
Appearance NRRL Y . 


0s 4 Miso used as inoculum 
2547 
Surface: 


Growth. Little or no visible | Heavy grayish 
white mycelium 
of oxidative yeast 


Lighter 


yeast growth 


Colors: 2.6 Darker and the color 
extended further 
into the miso 

Odor. 


Below surface: 


Less pronounced More pronounced 


Flavor....... 
Color.... 


Excellent 
Reddish yellow 
Less pronounced 


Excellent 

Reddish yellow 

Odor. ...... More pronounced and 
good 


TABLE 2. Comparison of miso fermented with a pure culture of 
Saccharomyces rouxti strain NRRL Y-254? and with miso 
from a previous fermentation 


S. rouxti 
strain 


NRRL 


as 
enraged inocul 
Y-2547 oa 


Uninocu- 
lated 
medium 


| Miso used 


Moisture,% ’ 52. 56.2 
Total nitrogen,%....... : 2.03 
Soluble nitrogen,%...... 67 1.49 
Amino nitrogen,%.... % 0.50 
Total acid caleulated as lactic 

acid ,%....... 
Reducing sugars calculated as 

glucose,%....... 


mashed by passing it through a food grinder. One lot 
was inoculated with a pure culture of S. rouxii prepared 
as before and the second lot was prepared with 50 g of 
miso and water to make about 150 ml of inoculum. After 
thorough mixing, each lot of medium was packed into 
glass fermentors and placed in a 25 C incubator. On the 
fourth day the fermentors were examined. Fermentor 
12, inoculated with the pure culture, had a distinct odor 
of alcohol and esters indicating an active fermentation. 
Fermentor 13, on the other hand, gave no evidence of 
fermentation even on the sixth day. On the seventh day 
the fermentors were removed to a 35 C incubator, where 
they were allowed to ferment for 2 months. At the end 
of this time the fermentors were removed to room 
temperature for 2 weeks and then harvested. Fermentor 
12 showed the substrate to be dark at the surface with 
very little white oxidative yeast growth; the odor 
seemed slightly off, like that of burnt sugar. The miso 
also seemed to have dried slightly and pulled away from 
the glass wall of the fermentor at the top. When this 
surface material was removed, the miso below had a 
bright, light yellow-brown color and the flavor and odor 
were excellent. In Fermentor 13 there was the usual 
heavy growth of the oxidative yeast, but below the 
surface the color was darker than in fermentor 12. The 
color and flavor were good. When the jar was opened, 
the odor was superior to that of fermentor 12, but below 
the surface the odor was similar to fermentor 12. The 
two lots of miso were both acceptable. 


DIscUSSION 


Ordinarily, in the manufacture of miso, inoculum, 
consisting of some miso from a previous fermentation, 
is used in the second fermentation. This inoculum is 
added to the ingredients used to make miso, to start a 
new fermentation. Its disadvantages have already been 
pointed out in the introduction. Now it was found that 
with an appropriate culture of an osmophilic yeast, S. 
rouxit, such as NRRL Y-2547, alone can carry out the 
fermentation unaided, with a resulting product equal to 
that produced by the old method in all known respects. 
This strain was picked at random from yeast colonies 
from a sample of good miso. With proper selection an 
even better strain could probably have been isolated. 
A pure culture fermentation eliminates all the con- 
taminating organisms which are introduced by using as 
a starter the old miso that has been handed down 
through the centuries. For example, we noticed that all 
our previous fermentations resulted in a filamentous 
dirty white growth of an oxidative yeast on the surface 
of the miso. When pure culture fermentations were 
used, this was almost completely eliminated, even 
though the mat growth is actually a phase of S. rowxii 
which is carried from one fermentation to the next. As 
the data indicate above, when a vigorous, large inocula- 
tion of yeast cells grown in the presence of the same salt 
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concentration as miso is used as inoculum, the fermen- 
tation starts much faster and undoubtedly is completed 
sooner. To reduce the variables above, we purposely 
allowed the pure culture fermentation to continue for 
the same period of time as with the older method. 
Further studies are needed to determine how much the 
processing time can be shortened. 

Another advantage we noted is that the fermentation 
as judged by odor always began much sooner in the pure 
culture fermentation than in the older method. The 
speed of initiation of fermentation could be improved 
by determining the number of yeast cells which would 
be most economical and practical. 

The pure culture fermentation appears to work with 
either grits as developed at our laboratory (Smith, 
Hesseltine, and Shibasaki, 1961) or with whole soy- 
beans. However, it appears the most economical method 
would be to use soybean grits since they shorten soak- 
ing, cooking, and fermenting times. Another possible 
savings in cost would be to find a cheap substrate for 
growing the pure inoculum, such as soybean meal or 
flour. This medium might help condition the yeast for 
its fermentation of miso. It might be feasible, especially 
for small factories, to have a company with the proper 
technical personnel grow large amounts of the yeast in 
pure culture and prepare fresh yeast cake as inoculum, 
which would give reliable and reproducible results. 
Then, even in small poorly equipped factories, a re- 
producible product could be manufactured economi- 
rally. 

ven greater than these improvements might be the 
tremendous possibilities of improving strains of S. 
rouxti by genetic studies through breeding. Since it has 
been proven that pure culture fermentations can be ac- 
complished and since the discovery that S. rouxit is 
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heterothallic, the background is complete for almos: un- 
limited production of useful crosses. Thus, a si arch 
should be made of various lots of superior mis. for 
strains of S. rouxit which have one or more desi ‘able 
genes. In this way, a strain with the ability to grow and 
ferment faster could be mated with one producing more 
flavor or odor, resulting in a haploid cross that would 
grow and ferment faster and, at the same time, produce 
better taste. Strains with a greater salt or heat tolerance 
could be brought into the breeding program, if ‘hese 
features were desirable. It is possible that wild strains 
with genes for higher vitamin content could be intro- 
duced. Methods for producing asci and ascospores, and 
then isolating individual ascospores, are available. Once 
a desirable haploid cross was found, it could be main- 
tained indefinitely. Of all the microorganisms used in 
industrial fermentations now known, probably none 
offers any better possibilities for real culture improve- 
ment through hybridization than does S. rowxii. 
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ABSTRACT 


Davis, R. J. (U. S. Department of Agriculture, 
Beltsville, Md.), anp C. E. Cuapp. Preparation of 
purified polysaccharides from Rhizobium. Appl. Micro- 
biol. 9:519-524. 1961.—A method is described for the 
preparation of purified polysaccharides from strains 
of Rhizobium in quantities large enough so that with 
an exhaustive purification scheme enough product is 
recovered for various characterization purposes. When 
steps in the purification process are eliminated, much 
larger amounts of crude gum are obtained. 

Organisms were grown in liquid medium and the 
cude gum was precipitated along with the bacterial 
cells by a quaternary ammonium complexing agent. 
This precipitate was dissolved in salt solution, repre- 
cipitated with ethanol or ethanol-acetone mixtures 
everal times, followed by pressure filtration with 
membrane filters. 

The same procedure should be applicable to com- 
mercial scale production in large fermentors if a use 
lor the gum could be shown. The method also should 
be suitable for other organisms with similar growth 
habits. 





The gums produced by the root nodule bacteria, 
genus Rhizobium, of leguminous plants are of interest 
both from the view of bacteriology and of soil science. 
Study of these compounds has been hampered by lack 
of suitable methods for the production of a purified 
product in amounts large enough for characterization. 

teview of the scant work done on these compounds 
that 
organisms on solid medium, then washed off the growth 
and purified the product, or have grown them in liquid 
culture with the large ratio of container volume to 
culture volume (Bray, Schliichterer, and Stacey, 1944; 
Cooper, Daker, and Stacey, 1938; Anderson, 1933). 
Aside from the inconvenience of growing large quan- 


reveals most workers either have grown the 


tities in this manner, with solid media the possibility 
of contamination from agar is significant (Bray et al., 
1944; Yaphe, 1957, 1958). Variations to eliminate the 
problem of agar contamination (Bray et al., 1944) are 
tedious and do not lend themselves to large-scale 
production. 

(irowth in liquid medium followed by isolation and 
pwified by classical precipitation techniques requires 





either that large and unwieldy volumes are encountered 
or else the material must be concentrated. This latter 
course, in addition to being time consuming and 
tedious however done, also leads to the danger of 
denaturization of the polysaccharides and disruption 
of cells unless accomplished by lyophilization. In 
addition it is found that classical precipitation tech- 
niques fail to bring about precipitation of the gum 
produced by some strains. Earlier workers ignored 
such strains when they encountered them and picked 
specifically strains producing copious amounts of gum. 
This technique is allowable if the sole purpose is to 
study new types of gum, but untenable if a true cross 
section of the gums produced by this genus is to be 
obtained. 

The method presented below has been found suitable 
for the production of gums by growing organisms in 
volumes up to 20-liter carboys. With the equipment 
in our laboratory the method could easily be upgraded 
to growth in a 50-liter carboy and it should be feasible 
for commercial scale production of these materials if 
a need should arise. 

These materials have been analyzed for purity and 
composition. Their characterization by various chemical 
and physical means is the subject of a subsequent 
paper. 

MATERIALS AND METHODS 


Cultures of Rhizobium 
liquid medium, a variation of the standard yeast 
extract-mannitol medium, of the following composition: 
MgS0O.-7H:O and CaCl, to give a concentration 
(0.003 m with respect to Ca and to Mg; tris(hydroxy- 
methyl)aminomethane (tris) buffer (pH 6.8), 0.1 m final 
concentration; mannitol, 5%; and yeast extract (50 
g starch-free active dry yeast steamed with water, 


Medium. were grown in 


made to 1-liter volume and filtered twice through 
S &S no. 588! filter paper), 30 ml per liter of medium. 
The advantages of a completely synthetic medium were 
recognized, but the above medium was chosen because 
good growth of any strain in our stock cultures would 
occur, whereas optimal growth 
obtained with synthetic media. This yeast extract 
concentration is less than our standard medium be- 
‘ause it has been observed that too much nitrogen in 


‘rannot always be 


the medium sometimes will reduce gum production. 


1 Schleicher and Schuell Company, Keene, N. H. 
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The mannitol content is higher for obvious reasons. 
Since Rhizobium cultures will produce gum from almost 
any carbon source it can be assumed that hexoses are 
degraded and rebuilt from shorter chain carbon skele- 
tons. Mannitol was used only because it has been 
extensively used for growing these organisms and all 
of our stock cultures were being carried upon it. 
Growing cultures. Cultures were grown with 3 liters 
of solution in a 4-liter reagent bottle or 10-liters in a 
20-liter carboy. Incubation was at 28 C. Sufficient 
aeration was obtained in the 4-liter bottles by means 
of a magnetic stirrer with a 3-in. Teflon-coated stirring 
bar which was added to the bottle before autoclaving. 
Forced aeration was necessary with the 20-liter size. 
Figure 1 shows the apparatus used. Aeration was 
accomplished by using a small pump as an air source. 
Tygon tubing conducted air from pump to culture jar 
and a sintered-glass filter stick dispersed the air into 
the medium. Two in-line filter holders were placed in 
the air line between the pump and the culture medium. 
The first contained a glass fiber filter; the second a 
membrane type filter. The entire unit from the filter 
on could be autoclaved as a unit. The air intake line 
to the pump had an open end type filter holder con- 





FIG. 1. Culture apparatus showing pump with filter attached 
to air intake line to scrub air of most debris (this filter can be 
changed when clogged without opening sterile system), bleeder 


valve to adjust pressure, two in-line filters (the first with glass 
fiber filter, the second with membrane type filter), Tygon tubing 
to transport air to culture, and fritted glass filter stick to disperse 
air into the culture. The bottle, tubing and in-line filters can be 
autoclaved as a unit. 


taining a glass fiber filter. This filter which cou. | be 
changed without contaminating the system seru bed 
the air of most of the debris before it reached th» ip- 
line filters, precluding the need to tamper wit! the 
sterile part of the system during a run. Air pre-sure 
was adjusted daily through a bleeder vent anc the 
scrubber filter was changed when air flow decreased 
below the desired level. Check runs with enriched 
media did not become contaminated. 

The entire apparatus was placed in a reach-in type 
constant temperature chamber with built-in electrical 
outlets. There was therefore no need to run lines of 
any type from the outside, and heat generated by the 
pump or stirring motors was removed effectively. 

Preparation of inocula. Inoculation was with 100 
ml of 3- to 5-day starter cultures. Bottles were inocu- 
lated aseptically in a transfer chamber before being 
placed in the incubation chamber. 

Harvesting. The general outline of the harvesting 
and purification steps is shown in Fig. 2. Harvesting 
of the gums was accomplished by addition of the 
quaternary ammonium compound, hexadecyltrimethyl- 
ammonium bromide, to the culture. Use of long-chain 
quaternary ammonium compounds in the _ isolation 
and purification of acidic polysaccharides has recently 
been reviewed (Scott, 1960) so theoretical details will 
not be considered here. A precipitate containing both 
cells and gum appeared instantly with most cultures 
and usually would settle out rapidly, although some 
of the more fluffy ones required several hours. Two 
grams of quaternary per liter of solution were sufficient 
to cause complete precipitation in most cases. However, 
each culture was checked for complete precipitation 
at this point by addition of another gram of com- 
plexing agent before proceeding further. In addition 
to checking for completeness of precipitation, the 
excess quaternary should also dissolve any precipitated 
protein contaminant (Scott, 1955). The 
appearance of the precipitates varied from one strain 
of organisms to another and a few produced such a 
bouyant floc that it rose to the top rather than settling 
to the bottom of the bottle. A typical precipitation is 


> 


shown in Fig. 3. 


@TOSs 


The large volume of liquid, after settling of the 
precipitate, was decanted or siphoned off and saved. 
The remainder of the supernatant was removed by 
centrifugation. After removal of the above precipitate 
(type I), a further precipitate (tvpe I1) was produced 
by adding a few KOH pellets. With some strains there 
was no perceptible precipitation until KOH was 
added (no type I); other times a negligible amount of 
further precipitation appeared with an addition of 
KOH (no type II). Reports in the literature (Palm- 
stierna, Scott, and Gardell, 1957) indicate appreciable 
amounts of KOH are necessary for complete precipita- 
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tion. While it is recognized that appreciable is a rel- 
ative term, the amounts required would not be so 
considered by us. 

Preparation of purified polysaccharide. The precipi- 
tates were washed several times to remove excess 
complexing agents by suspending in water and centri- 
fuging. The materials were freeze-dried prior to storage. 
Purification was accomplished by extracting with 10% 
NaCl in the case of the type I complexes and with 
2m acetic acid in the case of the type II complexes. 
Early attempts to keep the NaCl concentration to a 
minimum to avoid dissolving other components as 
1953; Scott, 1956) 
were abandoned for the following reasons. There were 


reported in the literature (Jones, 


not appreciable amounts of other hexadecyltrimethyl- 
materials in the 
cultures. In addition, many preparations could not be 
extracted completely by 2% 


ammonium  bromide-precipitable 
NaCl. It was simpler, 
therefore, to extract all samples with 10% NaCl than 
to extract each one in a minimal concentration. The 
crude polysaccharide was precipitated by pouring the 
NaCl or acetic acid extract into two volumes of 1:1 
ethanol-acetone. All preparations would precipitate 

ethanol-acetone, 
produce complete 


polysaccharides from acetone or 
ethanol 
precipitation. 


Many preparations would produce precipitates in 


whereas alone did not 


the cold that would not precipitate at room temper- 
ature, therefore, samples were routinely put in the 
freezer compartment of the refrigerator before de- 
canting or centrifuging to remove the supernatant. 
Polysaccharides, precipitated at room temperature or 
warmed up by centrifugation in a nonrefrigerated 
centrifuge, would often produce further precipitation 
from the supernatant when allowed to stand in the 
cold for a few hours. The proper concentration of 
ethanol :acetone: water for maximal precipitation was 
almost an individual case with each preparation so no 
firm rule can be given as to the best mixture to use. 

The first: precipitation removed enough complexing 
agent so that the material was water soluble. After 
centrifugation, the polysaccharides were reprecipitated 
from ethanol-acetone mixtures. Several precipitations 
and centrifugations were necessary to remove all 
debris. During reprecipitation it often was found that 
only a gel or suspension would result. Concentration 
by rotary flash evaporation usually served to produce 
an effective precipitation. With low yielding prepara- 
tions, it was necessary to concentrate the supernatant 
after centrifugation to obtain maximal polysaccharide 
recovery. In some troublesome cases, it was found 
that acidifying the suspension with acetic acid would 
flocculate and precipitate the polysaccharide. 

At this point most of the residual soluble contamina- 


LIQUID CULTURE OF BACTERTA 


Grow 2- 


weeks at 28 C 


| 


SUSPENSION OF POLYSACCHARIDE AND BACTERIA 
Add quaternary, decant, centrifuge 








| 


POLYSACCHARIDE- QUATERNARY COMPLEX I 























; SUPERNATANT 
Wash with H,0O, centrifuge, freeze dry, Add KOH, decant, centrifuge 
extract with 10% NaCl, centrifuge l 
| | | 
| POLYSACCHARTDE- QUATERNARY COMPLEX II SUPERNATANT 
meareee Wash with H,0, centrifuge, freeze dry, (discard) 
latsnent) extract with conc acetic acid, centrifuge 
| 
RESIDUE 
SUPERNATANT OF POLYSACCHARIDE AND QUATERNARY (discard) 
Add 1 volume ethanol, 1 volume acetone 
| 
| | 
SUPERNATANT OF QUATERNARY PRECIPITATE OF POLYSACCHARIDE 
(discard) Dissolve in H,0 
Reprecipitate with ethanol-acetone 
Pressure filter 
| 
| | 
I A a3 
Retained by bacterial membrane Retained by dialysis membrane 
(freeze dry) (freeze dry) 


FIG. 2. Outline of procedure for preparation of purified rhizobial polysaccharides 






































tion was removed by pressure filtration with membrane 
filters, using Lucite cells and applying 3 to 5 atm of 
compressed nitrogen. The pressure apparatus is shown 
in Fig. 4. Filtration through 8 & 8S coarse, graded- 
porosity membrane filters with type I preparations 
removed salts, monosaccharides, and low molecular 
weight components. The polysaccharide precipitated 
as a mat on the membrane. The type II precipitates 
were divided into two components by the coarse 
filter, one which passed through and one which did 
not. The material which passed through the coarse 
filter was then filtered through a dialysis membrane 
to remove the low molecular weight components. The 





FIG. 3. Typical precipitation of a bacterial culture with 
quaternary ammonium compound. Bottle on left: unprecipitated 
culture; bottle on right: culture with quaternary added. 
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The Lucite cell was bolted together and pressure was applied to the top from a tank of compressed nitrogen. 






material which did not pass through the coarse filte 
had to be further purified by dissolution and ce itrif- 
ugation to remove any residual cells. 


RESULTS 


All strains of Rhizobium checked showed the same 
reaction toward all quaternary compounds 1 


sted, 
Use of hexadecyltrimethylammonium bromide, ‘here. 
fore, was only in the interest of standardization. This 
compound was chosen arbitrarily over the others for 
the following reasons: it has been more widely used 
than other quaternary compounds, is readily available 
commercially, and is supplied as a purified product 
which is easily handled. Complexing agents, checked 
and found identical in reaction of hexadecyltrimethyl- 
ammonium bromide against representative strains of 
each type of precipitation reaction noted, included 
ethylhexadecyldimethlyammonium — bromide, _ hexa- 
decyldimethylbenzylammonium chloride, 
pyridinium bromide, dodecylpyridinium 
and dodecyltrimethylammonium chloride. Many qua- 


hexadecyl- 
bromide, 


ternaries listed in commercial catalogues were found to 
be unavailable when ordered. 

Reaction of strains of Rhizobium to various precipi- 
tating agents are shown in Table 1. These observations 
were taken at 1 min. On longer standing, all strains so 
far checked were precipitated with addition of KOH 
to quaternary suspension except the red strain of 
Norris (1958). This strain produced very scant growth 
which settled out on standing, leaving a clear solution. 
It is thought that this strain produced no extracellular 
polysaccharide to be precipitated. One strain produced 
a water-insoluble fraction which could be dissolved in 
cuprous ammonium solution. Rhizobium strains, when 





ric. 4. Pressure filtration apparatus. The membrane filter was placed in a depression in the bottom of the cell on top of a plastic grid 
i PE . 
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grown in liquid cultural medium without shaking, 

produced several types of growth patterns, i.e., cells 

stay throughout the medium, a large percentage of the 

cells settle to the bottom, there is slight pellicle forma- 

TABLE 1. Characterization of strains of Rhizobium with respect 
to behavior toward various precipitating agents* 


Rhizobium cross-inoculation groupt 


Prec pi = = De = 
tant? 
Alfalfa | Soybean! Lupine | Clover Pea Cowpea | Others 
1 22 0 0 3 3 1 5 
1 2 8 0 8 6 3 2 
2 19 0 0 3 1 1 4 
2 3 0 0 0 2 0 1 
3 1 2 2 6 2 2 0 
3— 1 6 0 2 1 ] 1 
4+ 0 0 0 1 6 0 1 
4- 1 8 0 ] 0 6 0 
5+ 24 0 0 3 3 1 6 
5 0 8 2 8 0 3 1 
64 24 0 0 1 3 1 6 
6- 0 8 2 7 0 3 1 


* Bacteria were grown in liquid media for 1 week and 
precipitated in situ. Observations were made at 1 min. 

+1 = Hexadecyltrimethylammonium bromide, 5%. Nega- 
tive ones also negative with 20% solution; 2 = further precipi- 
tation on adding KOH to supernatant from precipitate in 1 
above; 3 = precipitate with hexadecyltrimethylammonium 
bromide plus KOH but none with hexadecyltrimethylam- 
monium bromide alone; + = precipitate with hexadecyltri- 
methylammonium bromide plus sodium tetraborate if no 
precipitate with any of first three; 5 = 95% ethanol; 6 = 
acetone. 

t Figures indicate number of strains giving reaction indi- 
cated, 


TABLE 2. Rhizobium strains from which purified polysaccharides 
have been prepared with yield of purified polysaccharides 
Cross Yield of 

inoculation Source and date polysac- 
group charide 


Culture no. 


mg/liter 


3Cla2.. Crotalaria | Maryland, 1932 77 
8C1k3 Crotalaria | Florida, 1943 480 
3C2d3a. Lupine Georgia,’ 1946 138 
3D0a8...... | Alfalfa Maryland, 1933 140 
3D0al13..... Alfalfa New Jersey, 1939 200 
3D0a31. . Alfalfa Turkey, 1952 265 
3D1m32 Clover Georgia, 1953 49 
38D1q24 Clover Maryland, 1954 24 
3D1y8s. . Clover Turkey, 1952 742 
$U298/533. Clover Australia, 1950 88 
3E0a3... Lotus Ohio, 1941 214 
3E0!2 ...| Lotus Maryland, 1946 360 
3Fle4..... Indigofera | Florida, 1954 21 
3H0q13........| Pea Michigan, 1938 397 
3H0q47a.......| Pea Iowa, 1948 78 
3I1h66. .. .| Soybean North Carolina, 1948 52 
3111.118........| Soybean Maryland, 1936 96 
G93)... .......| Bean Virginia, 1919 11 
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tion, a tendency to form clumps which settle out, and 
combinations of these. The final pH of the growth 
medium, if not adjusted during growth, may remain 
unchanged, be slightly acid (pH 6 to 7), moderately 
acid (pH 5 to 6), or slightly basic (pH 7 to 8). There 
was no relationship between these growth charac- 
teristics and the reaction of a given strain to various 
precipitating agents. Adjusting the pH to the original 
value did not change the pattern of precipitation. 
Table 2 shows the cultures from which polysac- 
charides have been isolated and carried through the 
complete purification scheme together with the cross- 
inoculation group represented, source, and date of 
original isolation and yield of purified polysaccharide. 


Discussion 

The procedures described in this paper give a rel- 
atively simple method for the production of amounts 
of extracellular polysaccharide sufficient for characteri- 
zation procedures. These organisms are not extremely 
copious gum producers and the gum adheres tena- 
ciously to the cells. The nature of the gum itself causes 
large amounts of material to be lost in the purification 
process. This loss is often proportionally more with 
the more sparse gum producers. The final yield of 
polysaccharide is low in many cases but represents a 
highly purified product suitable for use in charac- 
terization procedures. For uses where the product. of 
the first or second precipitation would suffice, the 
yield would be many times greater. This procedure 
should be applicable to other organisms with similar 
growth habits. 

The findings in the precipitation scheme are some- 
what anomalous. It was originally postulated that 
gums containing charged moieties would precipitate 
with quaternaries and noncharged ones with quater- 
nary-borate complexes. However, all strains precipi- 
tated with quaternary or quaternary plus KOH, 
whereas most strains that would not precipitate with 
quaternary alone would not precipitate with quater- 
nary plus borate. 

The use of a complexing agent, even with those 
strains which produced gum precipitable with ethanol, 
has the extreme advantage of eliminating the need 
for either working with large volumes or concentrating 
the cultures before precipitation since the complexing 
agent will remove very completely all material from a 
large volume of culture. 

Theoretically, all polysaccharide material should 
pass through the coarse membrane filter. If this were 
the case, purification could be accomplished by a two- 
step filtration process. Filtration of the solution of 
partially purified material through the coarse filter 
would eliminate any residual cells at this stage and 
eliminate the need for further reprecipitations and 
centrifugations to remove the last traces of these. 
Filtration of the material passing through the coarse 
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filter through dialysis membrane would eliminate the 
low molecular weight components and retain the 
polysaccharide inside the cell. Bringing the material 
inside the cell to volume several times would leave 
essentially pure polysaccharide inside. As it turned 
out only part of the type II precipitates would pass 
through the coarse membrane. All type I precipitates 
were retained almost quantitatively by the membrane. 
After only a very small fraction of the solution had 
passed through the filter, a mat would form over the 
membrane. No feasible way was found to eliminate 
formation of this mat. It would appear that a lattice 
type structure was formed which fit very closely to 
the filter membrane, probably held securely by electro- 
static charges, which reduced the effective pore size 
of the membrane. 
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ABSTRACT 


Soxotski, W. T. (The Upjohn Company, Kal- 
amazoo, Mich.), C. G. CuHtpester, anp L. K. 
SCHADEWALD. In vitro activity of actinospectacin in 
human whole Appl. Microbiol. 9:524—528. 
1961.—A method for testing antibacterial substances 
in whole blood is described. The test agent for the 
method was actinospectacin which reportedly has 
good in vivo activity, approximately in the range with 
chloramphenicol, but relatively poor in vitro activity 
in the common media. In human whole blood, how- 
ever, the in vitro activity compares favorably with 
chloramphenicol thus indicating that whole blood may 
predict in vivo activity better than the usual bacterio- 
logical media. 


blood. 





Some biological properties of actinospectacin, a 
new basic antibiotic, were recently reported by Mason, 
Smith, and Dietz (1961) and by Lewis and Clapp 
(1961). Although actinospectacin is active in vitro and 





in vivo against a variety of gram-positive and gram- 
negative organisms, it elicited a greater response in 
vivo than might be expected from its in vitro activities 
in brain heart infusion broth (Lewis and Clapp, 1961). 

An in vitro test system for actinospectacin was 
desired for the purpose of predicting in vivo responses 
against pathogenic bacteria. For this, a medium was 
sought which would simulate in vivo environment. 
Studies with the use of blood serum as a complete 
antibiotic testing medium have been reported in the 
past (Sokolski, Vavra, and Hanka, 1960; Wolfe and 
McGuire, 1961). A blood medium which would include 
the cells may be an improvement since it is a step 
closer to the in vivo environment than serum. 

This paper describes a method for testing anti- 
bacterial substances in human whole blood and _ the 
results of comparative tests with two antibiotics, 
actinospectacin and chloramphenicol. Actinospectacin 
with poor in vitro and good in vivo activity is compared 
to chloramphenicol with good in vitro and in vivo 
activity (Smith et al., 1948). If whole blood is an 
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effective medium for predicting in vivo responses, then 


both antibiotics should show good activities in this 
medium. 


MATERIALS AND METHODS 


Antibiotic solutions. Actinospectacin sulfate solutions 
in physiological saline were prepared in concentrations 
of 1,000, 100, and 10 wg base equivalent per ml (1 mg 
of the sulfate salt was equivalent to 700 ug base). 
Chloramphenicol was dissolved in 95% ethanol to a 
concentration of 10 mg per ml and diluted with physio- 
logical saline to similar concentrations. All solutions 
were sterilized by filtration. 

Test organisms. The test organisms used in these 
studies were as follows: Staphylococcus aureus UC 76, 
S. aureus UC 3067 (resistant to 100 wg penicillin per 
UC 42, Streptococcus 
hemolyticus UC 754 (S. pyogenes), Salmonella enteritidis 
UC 114, Proteus vulgaris UC 232, and Escherichia coli 
UC 527. Cultures to be used for inocula were prepared 


ml), Diplococcus pneumoniae 


TABLE 1. Comparison of actinospectacin activity against 
Staphylococcus aureus UC 76 in brain heart 
infusion broth vs. human whole blood 


Viable count per ml 


Actinospec- e . — 
tacin base 
equivalent 


Human whole blood Brain heart infusion broth 


per ml ——S = 
4hr 24 hr 4 hr 24 hr 
us 
200 1,000 2 
100 4 0 4,700 2,000 
50 4 0 4.5%. 10? | 7.7 X.10° 
25 20 2 2.5 X 105 4.9 X 108 
12.5 64 26 6 X 105 7.4 X& 108 
6.2 60 30 i xX 105 5. 1-36 16 
3.1 500 2.5 X 10° Ld AGF 6.9 X 108 
1.6 500 7.1 X 10! 1.5 X 10° 5.9 X 108 
0.8 1,000 io x 1 1.7 X. 10% | 8:2 XK 105 
0 1.2 XK: 10° 8 X 10 2X 10° 8.2 X 108 
TABLE 2. Comparison 
Concn 
Becca Whole blood Oxalated blood 
vase - 
4 hr 24 hr 4 hr 24 hr 
2 ug/ml 
200 
100 } 0 1,100 8 
50 4 0 5,400 50 
25 20 2 2.9 X 104 210 5. 
12.5 64 26 1.4 X 105 1,000 5. 
6.2 60 30 2.4 X 105 9,000 up 
3.1 500 2. C- 10%1.1.4 40%) 1.0 108 |S: 
1.6 500 4.3%. 10*') 1D M108) 3.1. MK 10* 1 2. 
0.8 1,000 7.8 X 10° | 1.5 X 10° | 4.9 X 108 | 6 
0 1.2 X 16° Sx 30? 1 1 Xe Oe? S83 XS 101-3 


ACTINOSPECTACIN IN HUMAN WHOLE BLOOD 


by growing these organisms in brain heart infusion 
broth (BHIB) for 18 hr at 32 C. Citrated human 
vlood was added to the D. pneumoniae and S. hemo- 
lyticus cultures. D. pneumoniae, S. hemolyticus, and 
the two strains of S. aureus cultures were diluted 
1:100 with physiological saline. The cultures of gram- 
negative bacteria, S. enteritidis, P. vulgaris, and E. 
colt, were used undiluted. The undiluted inoculum 
contained approximately 10° bacteria per drop. 

Materials for test. The following sterile equipment 
was prepared for the test: test tubes (13 by 100 mm) 
with metal caps, wooden applicators, medicine drop- 
pers, l-ml and 10-ml pipettes, 125-ml flasks covered 
with aluminum foil, and blood collection kits with 
17-gauge needles. 

Procedure for testing. The tests in BHIB, serum, and 
oxalated blood (0.2% potassium oxalate) were con- 
ducted as follows. Antibiotic solutions were added to 


10" - 


Brain Heart Broth 






Fresh Serum 


_Treated Serum 


VIABLE COUNT/ML. (Log scale) 
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Oxclated Blocd 


| \ Whole Blood 
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FIG. 1. Effect of actinospectacin on Staphylococcus aureus 


strain UC 76 in various media after 24 hr at 32 C. 


of actinospectacin against Staphylococcus aureus UC 76 in various media 


Viable count per ml 


0.4 


Fresh serum Treated serum, 56 C 30 min Brain heart infusion broth 


24 hr 





4 hr 24 hr 4hr 4 hr 24 hr 
1,000 2 
1,400 12 720 16 4,700 2,000 
9,200 90 5,200 70 | 4.5 X 10! | 7.7 X 106 
7X 10! 200 3.0 X 10° 300 | 2.5 X 10°| 4.9 x 108 
8 X 105| 1.8 X 10°) 7.2 10‘ 1,000 6 X 105 | 7.4 X 108 
4X 10°| 8.8 X 106} 1.4 X 105} 9.8 X 10°) 7X 105 | 5.1 & 108 
0X 10° | 2.0 X 107 | 1.9 X 105 | 2.0 X 107 | 1.7 & 10° | 6.9 & 108 
5 X 10°| 8.5 X 107 | 2.3 X 105) 1.7 X 107 | 1.5 & 10° | 5.9 x 108 
0 X 10° | 7.4 X 107 | 3.2 X 105 | 1.8 X 107 | 1.7 X 10° | 8.2 x 108 
2X 10°) 9.3 X 107 |3.8xX 1. 2X 10°|8.2x 


10° 3X 10° 


108 
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TABLE 3. Comparison of actinospectacin and chloramphenicol in blood and brain heart infusion broth 


Viable 


Human whole blood 













Antibiotic _——_ ea 52 
concn 
Actinospectacin base Chloramphenicol 
4 hr 24 hr 4hr 24 hr 
7 pg/ml 
200 0 0 2,000 0 
100 50 0 3,000 2,000 
50 200 0 240 2,000 
25 880 0 580 1,000 
12.5 1,400 100 750 3,600 
6.2 2,900 9.3 X 10! 2,000 4.6 X 10! 
3.1 2.6 X 104 2.5 X 105 5,200 1 X 10° 
1.6 3.0 X 10! 3.7 X 105 3,000 1.5 X 106 
0.8 3.2 X 104 1.3 X 108 3.6 X 10! 2X 106 
0.4 7 X 10# 3.5 X 108 1.6 X 10! 3 X 10° 
0 4.4 X 10° 8 X 


10° 


test tubes in volumes which when diluted to 5 ml with 
media gave the indicated Twofold 
increments in concentrations were used in each test. 
The volume in each tube was brought to 0.5 ml with 
physiological saline followed by 4.5 ml of medium. It 
should be noted that blood was not added to the 
medium for the tests with D. pneumoniae and S. 
hemolyticus. Five-hundredths milliliter (one drop) of 
culture was added to each tube. All tubes were incu- 
bated in a stationary state at 32 C and samples were 
withdrawn, after thoroughly agitating the cultures by 
hand, at the indicated periods. Three dilutions of each 
sample were tested for the number of viable bacteria 
by mixing 0.5 or 1 ml of the diluted suspension with 
14 or 28 ml of nutrient agar. The lower volumes of 
suspension or the higher volumes of agar were made 
for the purpose of diluting the antibiotic and were used 
with the tests that contained 50 wg or more of anti- 
biotic per ml. 

In the tests with whole blood as medium, it should 
be emphasized that the timing in collecting the blood 
and setting up the tubes was important. The blood was 
drawn from volunteers with a 17-gauge needle and 
allowed to flow into sterile flasks by gravity flow. 
After 50 to 60 ml of blood were collected, the flask was 
removed and if more blood was desired a new flask was 
put in its place. The fresh unclotted blood was rapidly 
pipetted into tubes containing the antibiotics. One 
drop of the prepared inoculum was added to each tube 
and the contents of the tube were stirred with a sterile 
wooden applicator. All tubes were allowed to stand at 
room temperature for 1 hr or until the blood was 
clotted. If the clot was stuck to the wall of the tube, 
it was released using another sterile applicator. Serum 


concentrations. 


samples were removed at the indicated times without 


count per ml 
Brain heart infusion broth 
Actinospectacin base Chloramphenicol 
4hr 24 hr 4hr 24h 
240 0 1 76 
3,200 ix 1 X 10! 2,400 
2.5 X 10! 2X 108 1 X 10! 2,200 
1 X 108 2 X 168 3.4 X 10! 8,000 
7X 106 3 X 108 1 X 105 2,000 
2 X 10’ 3 X 108 2 xX 10° 2,000 
3 xX 10’ 8 X 108 2.5 X 105 3 XX 108 
3.5 X 107 i xX 10° 8 X 105 3X 108 
3.5 X 10 1 X 10° 8 X 106 4X 108 
4X 10° 1 X 10° 3 X 107 8 X 10 
4X 10’ 4X 108 











w 
= A 
oO 
wn 
o 
S -—O 
Hi 
= 
ca ~>~_ 12.5 pg/ml 
a. hse 
ead OO as 
5 ~0 
oar 
.  stinicorinmaiss 
a 
< 
= \ 
25 /mi 
1o!F \ 2g 
\STERILE 
19° ! l \ l L Ll — 
0 a 8 12 16 20 24 
HOURS 


FIG. 2. Effect of actinospectacin and chloramphenicol against 
Staphylococcus aureus strain 76 in whole blood. 


disturbing the blood clot. Viable counts were 
determined in the same manner as indicated above. 
The minimal effective inhibitory concentration 


(MIC) of antibiotic was considered to be the lowest 
concentration in which the numbers of viable organisms 
did not increase between the 4- and 24-hr sampling 
with the condition that growth occurred without 
antibiotic. The MIC end points after 24 hr incubation 
at 32 C are indicated in all tables by a line in the 24-hr 
viable count column. 
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ACTINOSPECTACIN IN HUMAN WHOLE BLOOD 


RESULTS 


Human whole blood as a medium was compared to 
BHIB with actinospectacin and S. aureus UC 76 in 
the test systems. The response measured was the 
number of viable bacteria remaining after 4 and 24 
hr in the antibiotic solution. The results in Table 1 
indicate the MIC values at 100 wg per ml in BHIB and 
6.2 wg per ml in blood. 

Actinospectacin activity against S. aureus UC 76 


in Table 2. 


= 4. Comparison of actinospectacin and chloramphenicol activity against several bacteria 





| Viable cells per ml 
| 





| 





Test organism Antibiotic Actinospectacin base | Chloramphenicol 
4hr 24 hr | 4hr | 24 hr 
7 ug/ml | | 
Staphylococcus aureus UC 76 25 880 0 580 1000 
12.5 1400 100 750 3600 
6.2 2900 9.3 X 108 2000 4.6 X 108 
re | 2.6% 10* 2.5 X 105 | 5200 1.0 X 108 
0 4400 8.0 X 10° 
§. aureus UC 3067 (penicillin re 12.5 1100 ___ 220 50 
sistant) 6.2 1000 2.6 X 106 440 6600 
Oe | 2000 4.8 X 106 -— 1 X 108 
0 6000 5.0 X 10° 
Diplococcus pneumoniae UC 42 12.5 30 _ ae 570 10 
6.2 440 2.7 X 105 2000 100 
3.1 8100 2.6 X 105 1.2 X10 1.0 xX 105 a 
1.6 5.0 X 105 4.6 X 108 2.4 KAO 1.9 X 10? 
0 1.4 X 10° 1.0 X 107 
Streptococcus hemolyticus UC 754 25 12 0 10 10 
2.5 40 400 10 10 
6.2 60 7.2 X& 108 20 10 
3.1 5.3 X 108 10 15x 10° 
1.6 100 2.4 X 10° 80 1.7 X 108 
0 1000 1.3 X 108 
Escherichia coli UC 527 12.5 190 10 1.9 X 10! 30 
6.2 5700 60 3.3 X 104 100 
3.1 3200 210 9.1 10+ 6000 
1.6 1.6 X 105 4.0 X 107 2.0 X 10° 5.0X 107 | 
0 1.0 X 105 2.0 X 108 
Proteus vulgaris UC 232 12.5 3200 10 | 240 40 
6.2 140 8900 390 10 
3.1 530 2.0 X 106 320 10 
1.6 1200 1.6 X 10° 1300 6.9X 108 
0 3600 1.7 X 16? 
Salmonella enteriditis UC 114 25 4200 40 1.5 X 10 40 
12.5 1.0 X 105 2100 2.5 X 104 90 
6.2 1.0 X 10° 5.0 X 107 2.6 K 106 140 
3.1 2.0 X 10° 1.0 X 108 4.2 X 104 1.0 X 10! 
1.6 4.4 X 105 1.0 X 10° 4.0 X 10! 2000 
0.8 3.0 X 104 1.0 X 108 4.0 X 104 1.0 X 108 - 
0 1.2 x 105 2.0 X 108 
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was compared in whole blood, oxalated blood, fresh 
serum, treated serum (56 C for 30 min), and BHIB. 
The results in Table 2 indicate that actinospectacin 
activity may be greater in whole blood than in fresh 
serum, treated serum, oxalated blood, or BHIB with 
MIC end points at 6.2, 12.5, 12.5, 3.1, and 100 yg 
base per ml, respectively. Figure 1 illustrates the data 


Actinospectacin activity was compared to chlor- 
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TABLE 5. Summary of MIC end points from Tables 1 and 4 


Antibiotic 


Test organism 
Actinospec- Chloramphe- 
tacin base nicol 


pe/ml ug/ml 
Staphylococcus aureus UC 76 6.2 12.5 
S. aureus UC 3067 (penicillin §re- 
sistant) 12.5 12.5 
Diplococcus pneumoniae UC 42 12.5 6.2 
Streptococcus hemolyticus UC 754 12.5 6.2 
Escherichia coli UC 527 3.1 3.1 
Proteus vulgaris UC 232 12.5 3.1 
Salmonella enteriditis UC 114... 12.5 1.6 


amphenicol in both human whole blood and BHIB. 
Table 3 and Fig. 2 indicate that actinospectacin is more 
active in blood than is chloramphenicol, whereas the 
reverse is true in BHIB. After 48 hr, each tube with 
blood was tested for sterility and the results, which 
were the same as for the 24-hr samples, indicated that 
25 wg or higher of actinospectacin base sterilized the 
culture, whereas viable organisms were still present 
with 200 yg chloramphenicol per ml. 

Actinospectacin activity was compared to chlor- 
amphenicol against several organisms in human whole 
blood. The results in Table 4 show that actinospectacin 
activity is nearly comparable with chloramphenicol. 
Table 5 is a summary of the comparative activities of 
actinospectacin and chloramphenicol in whole blood. 


DISCUSSION 


The choice of whole blood as a medium rather than 
serum, plasma, or defibrinated or oxalated blood was 
made for several reasons. It was desired to keep the 
cells in the system because of their possible influence 
on antibacterial action. For instance, if the agent were 
adsorbed on or absorbed into the blood cells, it is 
possible that some antibacterial activity of the agent 
would be diminished. A medium as natural as possible 
was preferred without the addition of anticoagulants, 
such as potassium oxalate, and without hemolysis 
which usually occurs with mechanical agitation in 
defibrination. 

The samples of serum were removed without agita- 
tion of the blood clot with the reasoning that in studies 
in which relative responses are measured, the important 
thing is to keep all conditions uniform. With agitation 
there is not only the possibility of hemolysis of the loose 


red cells, but the number of loose blood cells may vary 





e 





from tube to tube and thus affect the actual vol: mes 
of the serum samples. 

Since the bacteria were added to the tubes befor: the 
blood clotted, undoubtedly some organisms were 
trapped in the clot as it formed. Approximately | x 
10° (gram-positive bacteria) or 1 X& 10° cells (gram. 
negative bacteria) were added to 5 ml of media which 
would make the starting counts 2 X 10° per ml! and 
2 X 10° per ml. The 4-hr counts vary from 1 X 10? to 
1 X 10°, indicating a drop in the numbers of bacteria, 
Because of the possible loss of bacteria in the clot and 
by the bactericidal action of blood, the 4-hr counts were 
regarded as initial counts. 

Figure 1 may be open to criticism since straight lines 
were plotted for growth curves when in reality numbers 
of viable bacteria change gradually. However, the 
purpose of including the figure was to indicate that 
actinospectacin activity is comparable and_ perhaps 
better than chloramphenicol in human whole blood. 
The comparable in vitro activity in blood reflects the 
comparable in vivo activity of the two antibiotics. The 
figure would be markedly different with BHIB as seen 
in the data in Table 3. 

Many reports have made concerning the 
bactericidal action of blood, two of the more recent 
ones by Muschel (1960) and Colebrook, Lowbury, and 
Hurst (1960). It is reasonable to suggest that anti- 


been 


biotics be tested in the suboptimal medium of whole 

blood for predicting in vivo responses since the bac- 

tericidal forces present will also be operating in vivo. 
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ABSTRACT 

Ropacu, D. L. (Michigan State University, East 
Lansing), and R. N. Costitow. Role of bacteria in the 
oxidation of myoglobin. Appl. Microbiol. 9:529-533. 
1961. 
number of aerobic bacteria and of Saccharomyces 
cerevisiae greatly increased the rate of discoloration. 
Low inocula resulted in the more rapid appearance of 
the brown color of metmyoglobin, whereas high cell 


The addition to steaks of cell suspensions of a 


populations quickly produced the purple color of 
myoglobin. Sonically treated suspensions of Pseudo- 
monas geniculata produced similar changes in surface 
color but less rapidly. No such effect was observed with 
Lactobacillus plantarum. 

The visible changes in color were found to be associ- 
ated with the oxygen demand of the surface tissue 
including, of course, the demand of any contaminating 
Inhibitors of respiratory activity 
inhibited the rate of discoloration under normal at- 
mospherie conditions. However, when the oxygen level 
in the atmosphere was reduced, the inhibitors had no 
significant effect. In an oxygen-free atmosphere, the 
steak surfaces were the purple color of myoglobin; at 
10 mm oxygen pressure, the pigment was oxidized to 
metmyoglobin and the surface was brown in color. No 
bacterial activity was necessary for pigment oxidation 
under low oxygen pressures. 

Addition of dilute 
resulted in rapid oxidation of the meat pigment to 
metmyoglobin both in extracts and on steak surfaces. 
More concentrated solutions resulted in further oxida- 
tion as evidenced by the appearance of a green color. 
Horseradish extract with a high peroxidase activity 
added with H.O, resulted in rapid oxidation of the 
pigment but neither were very effective alone, although 
H.O» did result in a browning reaction in aged steaks. 

It is concluded that the primary role of the bacteria 
in meat discoloration is in the reduction of the oxygen 
tension in the surface tissue. The implications of the 
data are discussed and a possible mechanism of myo- 
globin oxidation is proposed. 


microorganisms. 


solutions of glucose oxidase 
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Discoloration of fresh prepackaged meat or “‘loss of 
bloom,” as it is called by the trade, means that meat 
loses its bright red appearance. Meat color is due to 
myoglobin, an iron porphyrin pigment very similar to 
hemoglobin. The chemistry of meat pigments was 
reviewed by Schweigert (1956). The heme prosthetic 
group is attached to a globin protein fraction by the 
amino acid, histidine. The heme so attached to the 
protein fraction can form a dissociable compound with 
oxygen. In the reduced form, the iron of the heme is in 
the ferrous state and the pigment is purple. Upon 
exposure to excess molecular oxygen the iron remains 
in the ferrous state but the pigment becomes oxy- 
genated. This pigment called oxymyoglobin is bright 
red. The heme portion of myoglobin may be oxidized 
by various means to metmyoglobin, a brown pigment. 
The iron of this compound is in the ferric state. The 
problem of discoloration involves the loss of oxygen to 
form reduced myoglobin (purple) and oxidation to 
metmyoglobin (brown). 

The fact that bacterial activity is a major factor in 
pigment changes in fresh prepackaged meat has been 
well established (Butler, Bratzler, and Mallman, 1953; 
Costilow et al., 1955). Neill (1925) observed that 
pneumococci, cell-free extracts of pneumococci, and 
sterile animal tissue extracts caused the reduction of 
methemoglobin to hemoglobin when molecular oxygen 
was excluded. On introduction of small amounts of 
molecular oxygen, the reverse reaction was demon- 
strated with intact bacterial cells, cell extracts, and 
sterile extracts from potatoes. It is believed that the 
pneumococci bring about oxidation by the production 
of peroxides or similar compounds (Neill and Hastings, 
1925). However, the actual role of bacteria in causing 
changes in the pigment in meat surface tissue has not 
been clearly demonstrated. This was the purpose of the 
investigation reported here. 

MATERIALS AND METHODS 

Steaks used in this study were from the longissimus 
dorsi muscle of U. 8S. Good grade beef ribs purchased 
locally. The muscle was removed from the ribs and cut 
into %-in. thick steaks. 

The wrapping material employed was du Pont 
cellophane 300 MSAT-80.4 

Cells of all the bacteria used except Lactobacillus 


4. I. du Pont de Nemours & Co., Wilmington, Del. 











530 


plantarum were grown in nutrient broth shake cultures 
or on nutrient agar slants. The L. plantarum culture 
was grown in a Trypticase soy broth (BBL)* and the 
Saccharomyces in dextrose broth (Difco).® All cells were 
washed in saline before being inoculated on steak 
surfaces by the use of sterile atomizers. Washed cells 
were also used to prepare cell-free extracts. Cells were 
broken in a Raytheon,’ 50-w, 9-ke sonic oscillator type 
R-22-3. The suspension was centrifuged to remove 
cellular debris and the supernatant was applied to 
steak surfaces by means of a small brush. 

The various enzyme and bacterial inhibitors, which 
were used on the steak surface, were applied by sterile 
atomizers. 

Most myoglobin solutions were prepared from 
longissimus dorsi muscle; however, some solutions were 
prepared from beef trimmings. The myoglobin solu- 
tions were prepared exactly as the pigment solutions 
used for spectrophotometric analysis to be described 
later. 

Initial studies determining bacterial growth on steak 
surfaces demonstrated that a surface-slicing technique 
gave more reproducible results than did the conven- 
tional swabbing technique. The surface-slicing tech- 
nique consisted of cutting a slice approximately 3 mm 
thick from the surface of the steak with a Hobart® 50 
slicing machine. The machine was cleaned and sani- 
tized before each cutting by washing thoroughly with 
hot detergent and then rinsing with distilled water, 
hypochlorite (500 ppm), and finally with sterile dis- 
tilled water. The rotating blade was allowed to spin 
dry. Platings made of swabbings from the machine 
demonstrated that the portion which came in contact 
with the meat slice was essentially free from bacteria. 

The thin slice from the surface was weighed and 
placed in a sterile, chilled Waring Blendor. Refrig- 
erated sterile, distilled water was added to give a 1:5 
dilution. After blending for 30 sec, a sample of the 
homogenate was plated with Tryptone glucose extract 
agar (Difco)® (TGE) and observed for bacterial growth. 
The remainder of the homogenate was used for de- 
termining oxygen uptake by the Warburg method and 
for determining the pigments present by spectrophoto- 
metric analysis. 

Two incubation temperatures for the TGE agar 
plates were tested and it was noted that similar results 
were obtained from platings held at 4 C for 1 week and 
at 20 C for 3 days. For the sake of convenience, the 
shorter time and higher temperature of incubation 
were used for all bacterial counts. 

A sample of the homogenate was prepared for pig- 


5 Baltimore Biological Laboratory, Inc., Baltimore, Md. 
6 Difco Laboratories, Inc., Detroit, Mich. 
7 Raytheon Corporation, Waltham, Mass. 
8’ The Hobart Mfg. Co., Troy, Ohio. 





D. L. ROBACH AND R. N. COSTILOW 


Von. 9 


ment determination by centrifuging in a Servall® SPX 
centrifuge at full speed for 10 min, and filtering through 
Whatman no. 40 filter paper. Seven milliliters of fi! rate 
were diluted with 3 ml of distilled water for spetro- 
photometric analysis with a Beckman” DU spevtro- 
photometer. In studies conducted in optically matched 
Thunberg tubes, a Bausch and Lomb Spectronic 20" 
colorimeter was used and no dilution of the filtrate 
was necessary. 

Two methods of pigment analysis were used. The 
first method was essentially that of Butler et al. (1953), 
The second method of analysis used was that of 
Broumand, Ball, and Stier (1958). Both were found to 
give comparable results with respect to percentage of 
metmyoglobin. The latter method has the advantage 
of making it possible to estimate the relative percentage 
of each form of the pigment. 

The discoloration of steak surfaces was estimated by 
the Munsell spinning dise method of Nickerson (1946) 
and an index of fading calculated on the basis of the 
standards proposed by Butler et al. (1953). Visual 
observations were also made since the fading index 
does not reflect the type of pigment change which 
occurs, because the index values are increased on 
either deoxygenation or oxidation of the muscle pig- 
ment. 

Steaks to be incubated in atmospheres of various 
oxygen pressures were placed unwrapped in vacuum 
desiccators. The bottom of each desiccator was covered 
with water to maintain a high relative humidity. The 
air was replaced by reducing the pressure to less than 
50 mm Hg and refilling with nitrogen that had been 
passed over hot copper shavings to remove contam- 
inating oxygen. This was repeated three times and the 
desired amount of oxygen added along with the ni- 
trogen on the last fill. The total pressure was adjusted 
to 750 mm with nitrogen. 


RESULTS 


Pure cultures of Pseudomonas fluorescens, Pseudo- 
monas aeruginosa, two strains of Pseudomonas geni- 
culata, three Pseudomonas sp., Achromobacter lique- 
faciens, Flavobacterium rhenanus, L. plantarum, and 
Saccharomyces cerevisiae were tested for their effect on 
the surface color of wrapped beef steaks. At room 
temperature, the yeast and all the bacteria tested 
except L. plantarum caused rapid color changes. At 
4+ 1 C, the yeast had little effect on color but the 
aerobic bacteria tested were all active. All gave es- 
sentially the same results, causing the pigment to 
change from red to brown and finally to purple. How- 
ever, when large numbers of cells were added to steak 

§Tvan Sorvall, Ine., Norwalk, Conn. 

1° Beckman Instruments, Inc., Fullerton, Calif. 


Bausch and Lomb Optical Company, Rochester, N. Y. 
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surfaces, the purple color of myoglobin was noted 
within a few hours and no further change was observed. 
L. plantarum, an organism which does not utilize 
oxygen to any appreciable extent, did not bring about 
the discoloration of beef at either room temperature or 
at 4 C. 

The index of fading value for steak surfaces treated 
with cell-free preparations (sonically treated) of P. 
geniculata increased more rapidly than that for ap- 
propriate controls, demonstrating that the enzymes of 
P. geniculata were active in the discoloration. Steaks 
inoculated with intact cells discolored more rapidly 
than those treated with cell extracts. This was ex- 
pected since the respiratory activity of the intact cells 
was greater than that of the sonically treated prepara- 
tions. 

Further evidence of the importance of the respiratory 
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rig. 1. Comparison of changes in fading index, metmyoglobin 
concentration, oxygen demand, and bacterial count of inoculated 
steaks treated with a 0.1 M solution of iodoacetate with both 
inoculated and uninoculated control steaks. Groups of steaks 
with each treatment were prepared and one of each sampled at the 
times indicated. The steaks were held at 4 + 1 C during the ex- 
periment. 
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activity of the bacteria was obtained on comparing 
control steaks with inoculated steaks, and inoculated 
steaks treated with inhibitors demonstrated to greatly 
reduce the oxygen uptake rate of the test organism 
using meat as a substrate. As may be noted in Fig. 1, 
the untreated inoculated steaks had a very significant 
oxygen demand initially and this was correlated with a 
high bacterial population and a high index of fading. 
The steaks were the purple color of myoglobin and no 
significant amount of metmyoglobin was detected. The 
inoculated steaks treated with iodoacetate had a high 
bacterial load but a low oxygen demand and a low 
fading index initially. These steaks never developed as 
high a bacterial population or oxygen uptake rate as 
the control group. However, the metmyoglobin levels 
increased slightly faster and the change in fading index 
was comparable with the control. Treatment with a 
0.1 Mm solution of sodium malonate yielded results 
similar to iodoacetate. 

The effect of various oxygen levels on the color of 
beef steaks is illustrated in Fig. 2. During the first few 
days of refrigeration, the microbial activity was minor. 
However, the steaks held under 10 mm oxygen pressure 
quickly developed a brown color and those under 75 mm 
oxygen pressure became brown at a slower rate. After 
the first 5 or 6 days, the microbial activity, undoubt- 
edly, brought about the color changes noted in the 
steaks held in a normal atmosphere and in one of 
oxygen. Inoculated steaks that were run for com- 
parison in this experiment all became purple during the 
first 6 days and remained this color for the duration of 
the experiment. 

The initial changes occurring under the various 
oxygen pressures were not altered by the atomizing of 


ATMOSPHERES: O---0 750 mm O2 


o—o AIR 
oooo----- oO----0 a----&4 75 mm O2 
x 
BRIGHT ea . ‘Ai iin 
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FIG. 2. Relative color changes observed on steak surfaces held 
in various atmospheres. The atmospheres were adjusted in vacuum 
desiccators by use of oxygen-free nitrogen. The total pressure of 
each atmosphere was adjusted to 750 mm. The experiment was 
conducted at 4 + 1 C. The color notations used and plotted on the 
graph from top to bottom were: (1) very bright red, (2) bright red, 
(3) red, (4) dark red, (6) brown-red, (6) brown, (7) brown-purple, 
(8) purple-brown, (9) purple. 
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steaks with solutions of iodoacetate (0.1 M), potassium 
cyanide (0.01 mM), or chlortetracycline (100 ppm). In 
fact, there was no significant effect of these treatments 
on the color changes occurring in an atmosphere with 
10 mm oxygen pressure throughout the test period 
(Fig. 3). The cyanide-treated steaks appeared some- 
what more red in most instances which probably 
resulted from reaction with the myoglobin. In higher 
atmospheres where bacterial activity became an im- 
portant factor, the inhibitors delayed the appearance 
of color changes. In the normal atmosphere, chlortet- 
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FIG. 3. Effect of microbial inhibitors on visual color changes 
of steak surfaces held in air and in an atmosphere containing 
only 10 mm oxygen pressure. Steaks were treated by atomizing 
with the indicated solution containing chlortetracycline (100 
ppm), KCN (0.01 m), or todoacetate (0.1 m). The experimental 
method and color scale used were the same as noted for Fig. 2. 


TABLE 1. Effect of various additives on the oxidation of myoglobin 
(Mb) to metmyoglobin (MMb) in meat extracts 


Incubation time (min)* 


Additive 30 60 


Ht Qq q % 
MMb Mb MMb Mb 


Control... 5 0 9 0 
HO, (0.3%) Poles macnn bosses ahs A 0 23 3 
Glucose oxidase (0.001%). ..... 86 11 83 14 
Heated glucose oxidase (0.001%)..| 19 0 34 0 
Horseradish extract. . : .| 26 0 38 0 
Heated horseradish extractt 25 0 40 0 


* Incubated in tubes at room temperature (22 + 1C). 
+ Percentages refer to per cent of total pigment. 
t Added 0.1 ml filtered extract pressed from commercial 
horseradish to 9.9 ml meat extract. 
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racycline had the greatest delaying action, followe:| by 
KCN and then iodoacetate (Fig. 3). The difference~ are 
probably due primarily to differences in their effec: ive- 
ness as bacterial inhibitors. However, KCN may 
stabilize the pigment to a certain extent by reacting 
with it. 

Atabrine, a specific inhibitor of flavoprotein enzy mes, 
inhibited oxygen uptake by meat tissue; but attempts 
to test its effect on pigment oxidation under reduced 
oxygen pressures were unsuccessful. The yellow color of 
atabrine interfered with both visual observations and 
spectrophotometric analysis of the meat pigment. 

The addition of dilute solutions (0.05%) of a com- 
mercial preparation of ‘“‘pure” glucose oxidase to meat 
surfaces resulted in rapid browning. At room tempera- 
ture, the surface color was a definite brown within 15 
min after addition. However, if more concentrated 
solutions of glucose oxidase were used, the oxidation 
apparently continued because a green color, presum- 
ably due to choleglobin, was observed on the surface. 

Hydrogen peroxide (0.3%) had no obvious effect on 
the color of fresh steaks but some browning was ob- 
served on its addition to steaks held at 4 + 1 C for 
several days. 

The oxidation occurring in the presence of glucose 
oxidase was also demonstrated in meat extracts at room 
temperature. Within 30 min after addition of the 
enzyme solution, 86% of the pigment was in the 
oxidized state and the remainder was in the myoglobin 
form (Table 1). There was apparently some _ non- 
enzymatic activity since enzyme solutions which had 
been boiled 5 min effected some change in pigment. It 
will be noted, however, that this change was no greater 
than the change occurring on addition of both heated 
and unheated horseradish extracts and only slightly 
more than that effected by H»Os. The horseradish 
extract had a high peroxidase activity and, when 
added to a steak surface with 0.3% HsOc, caused rapid 
browning. 


DIscuUSSION 


There can be little doubt that the primary role of 
bacteria in the color changes of fresh meat is in the 
reduction of the oxygen level in the surface tissue. This 
is supported by a number of facts, viz., (i) pigment 
oxidation and reduction can be controlled by physical 
adjustment of the oxygen level in the storage atmos- 
phere in the absence of a significant number of bac- 
teria; (ii) the oxygen level in the storage atmosphere 
greatly affects the rate of pigment changes of both 
inoculated and uninoculated steaks; (iii) oxygen uptake 
rate of the surface tissue of meat is correlated with 
microbial activity and with color change; (iv) at inter- 
mediate levels of oxygen demand of surface tissue, 
oxidation to metmyoglobin occurs, whereas, with 
higher respiration 


rates, reduction to myoglobin 


occurs, and this is correlated with similar changes 
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under controlled oxygen atmospheres; and (v) agents 
inhibiting the development of high oxygen uptake 
rates in surface tissue will result in color preservation 
under normal atmospheric conditions but are ineffective 
under low oxygen pressures. 

This being true, then one must look to the meat 
tissue per se for the mechanism of pigment changes. 
Grant (1955) demonstrated that the blocking of suc- 
cinic dehydrogenase with malonate protected the 
interior of frozen ground meat from discoloration. 
This treatment must have eliminated practically all 
oxygen uptake, since the pigment remained in the 
oxygenated state. However, malonate did not prevent 
the oxidation of myoglobin in surface tissue of steaks 
held at refrigerator temperatures; although it did 
greatly reduce oxygen uptake of contaminating bac- 
teria. lodoacetate, an inhibitor of glyceraldehydephos- 
phate dehydrogenase (a glycolytic enzyme) and of 
other sulfhydryl-containing enzymes, was more effec- 
tive than malonate on steak surfaces, but was without 
any measurable effect when the oxygen tension in the 
atmosphere was reduced to 10 mm. Since chlortetra- 
eycline and KCN had similar effects, it is believed that 
their primary action on meat surfaces is to inhibit the 
development of aerobic bacteria. 

The production of H.O2 by pneumococci leads to 
methemoglobin formation (Neill, 1925), and results of 
this study demonstrate that HO. in combination with 
peroxidase causes rapid oxidation of myoglobin. Al- 
though H.O, production by meat tissue was not demon- 
strated, the fact that atabrine inhibits oxygen uptake is 
indirect evidence of flavoprotein enzyme activity. 
Such activity would yield a certain amount of H.Oo. 
Furthermore, glucose oxidase, which produces H.O, 
as a product of glucose oxidation, results in extensive 
oxidation of the pigment either in surface tissue or in 
extracts. Keilin and Hartree (1945) demonstrated that 
the addition of glucose oxidase and glucose to either 
washed horse erythrocytes or to laked corpuscles 
resulted in the oxidation of 100% of the hemoglobin to 
methemoglobin within a few minutes. Catalase was not 
essential for this reaction since a solution of recrystal- 
lized hemoglobin, free from catalase, was oxidized. In 
fact, the catalase may have offered some protection 
because a portion of the partially purified pigment 
underwent oxidative accompanied by 
protein denaturation and formation of the green 
verdohemochromogen. Bingold (1933) demonstrated 
that catalase did protect oxyhemoglobin from oxida- 
tion by high concentration of H.Os. 

Brooks (1935) found the rate of oxidation of hemo- 
globin to methemoglobin in buffered, laked, defi- 
brinated blood at different oxygen pressures to be 
proportional to the concentration of reduced hemo- 


destruction 


globin. The decreasing rate, which occurs as oxygen 
tension is increased, results from the increasing con- 
centration of the oxygenated pigment that is not 


1961 OXIDATION OF 


MYOGLOBIN 533 





apparently involved in the reaction. Keilin and Hartree 
(1945) speculate that this fact explains the protective 
action of catalase toward hemoglobin when H.Q, 
concentrations are high. There would be considerable 
oxygen released under such conditions and the pigment 
would probably be oxygenated and, thus, not suscepti- 
ble to oxidation. This would not be the case, however, 
with metabolic H2Oz since there would be a net loss of 
dissolved oxygen in the over-all reaction. Data collected 
in this work support this idea, since high peroxide 
levels had no effect when added alone to freshly sliced 
steaks, but did result in pigment oxidation in steaks 
held 3 or 4 days at 4 + 1 C. The latter steaks would be 
expected to have a relatively high oxygen demand and 
percentage of myoglobin, thus, providing the proper 
state for oxidation to occur. 

Based on the above, it is believed that the reduction 
of oxygen tension in meat tissue, either by microbial 
growth or by physical means, results in a great increase 
in the reduced myoglobin, which, in turn, is oxidized 
by metabolic H,O2 produced either by the meat tissue 
or by the bacteria. If the oxygen tension is reduced to 
low enough a level, little or no H»O2 can be formed and 
no appreciable oxidation occurs. Any oxidized myo- 
globin present is rapidly reduced under such conditions. 
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ABSTRACT 


HIMMELFARB, Putvip (University of Massachusetts, 
Amherst), R. B. Reap, Jr., AND WARREN Litsky. An 
evaluation of 8-propiolactone for the sterilization of 
fermentation media. Appl. Microbiol. 9:534—537. 
1961.—Twenty-five bacterial species were cultured in 
basal broth plus 1 of 19 different carbohydrates which 
were sterilized by Seitz filtration, autoclaving (112 C, 
10 min), or exposure to 0.2% 8-propiolactone (BPL). 
No significant differences were found either in the 
visual observations for acid and gas, pH, or titrable 
acidity determinations after 3 days of incubation with 
any of the three preparations tested. An effort was 
made to further determine the effect of BPL and heat 
on carbohydrates by assaying for glucose before and 
after treatment. Results indicated that glucose was not 
degraded by 0.2% BPL, however, it was shown that 
autoclave temperatures caused extensive degradation. 
Statistical treatment of the results from Warburg 
studies indicated that BPL-treated glucose showed no 
appreciable toxic effects, although the actual oxygen 
uptake was not as great as with Seitz- or autoclave- 
treated glucose. The application of the BPL steriliza- 
tion process was discussed. 





The effect of heat sterilization on reducing sugars 
employed in fermentation media has been the subject 
of many investigations. The decrease in concentration 
of these sugars due to reactions with other constituents 
of the heated media has been troublesome in precise 
measurements of fermentation processes. Attempts 
have been made to minimize carbohydrate degradation 
or reaction by the use of sterilization processes employ- 
ing reduced heat exposures, filtration, or chemical 
agents. One of these chemical agents, 8-propiolactone 
(BPL) has been found in recent years to be an efficient 
sterilizing agent. 

Hartman, Piepes, and Wallbank (1951) reported 
that BPL possessed excellent virucidal and bactericidal 
properties, when used for the preparation of sterile 
whole blood and blood plasma. Curran and Evans 
(1956) indicated that BPL rapidly killed bacterial 
spores. Bernheim and Gale (1952) and LoGrippo and 

? Contribution no. 1299 of the University of Massachusetts, 
College of Agriculture Experiment Station. 





Hartman (1955) demonstrated the fungicidal activity 
of BPL against pathogenic and nonpathogenic fungi. 
BPL is currently being used to sterilize arterial homo- 
grafts, according to the method suggested by Lo 
Grippo et al. (1955). Recently, BPL has been shown by 
Hoffman and Warshowsky (1958) to be an effective 
disinfectant when used in the vapor state. 

The purpose of this investigation was to determine 
the efficacy of BPL as a sterilizing agent of carbohy- 
drate solutions with an evaluation of concomitant 
varbohydrate alteration. These alterations were evalu- 
ated by determining the ability of various bacteria to 
ferment the sterilized carbohydrate, the effect of BPL 
sterilization on glucose as measured by glucose oxidase 
activity, and the effect of BPL degradation products 
on bacterial respiration. 


MATERIALS AND METHODS 


Carbohydrates employed. Twenty per cent solutions 
of the carbohydrates listed below were prepared in 
distilled water and divided into three aliquots of 33.3 
ml each. These were then sterilized by BPL, Seitz 
filtration (Pad Type ST, K6), and autoclaving at 
112 C for 10 min, respectively. Included among the 
carbohydrates were adonitol, arabinose, cellobiose, 
dextrin, dulcitol, galactose, glucose, inositol, lactose, 
maltose, mannitol, melibiose, rhamnose, 
salicin, sorbitol, sucrose, trehalose, and xylose. 

Procedure for sterilization with BPL. The carbohy- 
drate solution was sterilized in the following manner: 
BPL (Good-rite)? was diluted 1:10 with ice water and 
added to a 20% carbohydrate solution to yield a final 
BPL concentration of 0.2%. This mixture was then 
placed in a 37 C water bath for 2 hr and shaken every 
10 to 15 min. The sterilized carbohydrate solution was 
then incubated overnight at room temperature to insure 
complete BPL degradation. 

Fermentation of carbohydrates sterilized by BPL, 
Seitz, and autoclaving. The BPL-treated and Seitz- 
filtered carbohydrate solutions were added to tubes 
containing heat sterilized Purple Broth Base (Difco)’ 
to yield a final concentration of 0.5% carbohydrate. 


raffinose, 


2 B. F. Goodrich Chemical Company, Cleveland, Ohio. BPL 
is a registered trade mark of the Celanese Corporation of 
America. 

3 Difco Laboratories, Inc., Detroit, Mich. 
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TABLE 1. Fermentation patterns of some selected organisms: pH measurements after incubation for 3 days at 35 C 


Carbohyd ate 


Adonitol 


Arabinose.. . 
Cellobiose....... 


Dextrin. . 
Dulcitol . . 
Galactose 
Glucose. . 
Inositol. 

Lactose 

Maltose. . 


Mannitol..... 
Melibiose . . 
Raflinose. .. 
Rhamnose. . 


Salicin 


Sorbitol... . 


Sucrose. . 


Trehalose. . 


Xylose.. 


TABLE 2. Fermentation patterr 


Carbohydrate 


Adonitol. 


Arabinose...... 
Cellobiose..... 


Dextrin. . 
Dulcitol . . 
Galactose 
Glucose. . 
Inositol. . 
Lactose 

Maltose. . 


Mannitol..... 
Melibiose. ... 
Raflinose. ... 
Rhamnose. . 


Salicin. 


Sorbitol. .. 
Sucrose......... 


Trehalose. .. 


Xylose 


Titrations done with 0.5 n NaOH to an end point of pH 7.0. 
B = BPL-treated carbohydrate; 8 


The third carbohydrate aliquot was added to unsterile 
broth tubes and autoclaved (112 C, 10 min). To obtain 
a uniform pH of 7.0 for all three media it was necessary 
to pre-adjust the broth base to which BPL-treated 
carbohydrates were added because of the acidic proper- 
ties of the BPL degradation products. 
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To ascertain any change in the carbohydrates which 
would have been caused by the sterilization procedures, 
the following organisms were inoculated into each of 
aforementioned sterilized substrates 
amount of acid production with or without gas, was 
Aerobacter 


aerogenes, 


Escherichia coli Staphylococcus aureus 
A B | Ss A 
(eri eel (ie ta 
4.6 | 7.2 7.2 7.2 
(ee 7.4 7.4 7.4 
7.6 7.0 7.0 20 
52S .| 7-8) E80) 7:8 
4.8 | 5.4 | 5.4 |] 5.4 
4.5 5.2 | 5.2 | 5.2 
8.1 Toe | Esl | ESE 
4.9 | 5.3 | 5.3 | 5.3 
5.2 6.0 6.0 6.0 
4:6. | acs: | 32d | Bd 
5.3 7.4 7.4 7.4 
oo | S| C5) ES 
a0 | 4.2 ey ee 
aoe 7.3 eo bia 
S28| 6.08) F001 7-0 
8.1 5.1 5.1 5.1 
4.6 | 5.1 ol | 5.1 
AO | 220%) (EO 720 


autoclaved carbohydrate. 


some selected organisms: titrable acidity* measurements after incubation for 3 days at 35 C 


Escherichia coli Staphylococcus aureus 
A B Ss A 
17.6 
7.9 
13.8 eh) 7A 7.2 
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14.7 70) 60 TH 
1 ey 
15.7 
8.5 
7.4 


Bt | “S:6) 8. 
20.9 | 10.2 | 10.2 | 10. 


~I 





a | 


anna 
ONIN NS SI 
oOnNnnna ns 


a 
a> 


or 
Ot 


| 
NNN or se 


De i fie Mi Mi | 
PN -& ANH I 8 


> Ne 
> Ne 


Sc 
7) 


Non 


_ 





536 P. HIMMELFARB, R. B. READ, 





Bacillus megaterium, Bacillus subtilis, Corynebacterium 
diphtheriae, Corynebacterium — pseudodvphtheriticum, 
Corynebaciertum xerosis, Escherichia coli, Escherichia 
freundi, Klebsiella pneumoniae, Neisseria catarrhalis, 
Proteus mirabilis, Proteus vulgaris, Pseudomonas aeru- 
ginosa, Salmonella pullorum, Salmonella typhosa, 
Serratia marcescens, Shigella paradysenteriae, Shigella 
sonnet, Staphylococcus aureus, S. aureus var. albus, 
S. aureus var. citreus, Streptococcus fecalis, Strepto- 
coccus lactis, and Streptococcus pyogenes. 

Visual observations for acid, with or without gas 
production, were made after 1, 3, and 7 days of incuba- 
tion at 35 C. Titrable acidity and pH were determined 
on the third day for ten selected organisms using 
duplicate tubes. This was accomplished by the use of a 
Photovolt! pH meter. 

RESULTS 

Based on the data obtained by visual observations, 
no differences could be determined in the fermentation 
patterns exhibited by organisms when inoculated into 
carbohydrates sterilized by the three different methods. 
However, it occasionally was observed that some tubes 
of the autoclaved carbohydrates elicited a greater acid 
and gas production. 

According to the 3-day pH and titrable acidity 
data, no differences were indicated in the fermentation 
patterns of carbohydrates sterilized by the three 
methods, as expressed in Tables 1 and 2. 

Glucose degradation by BPL and autoclaving. To 
determine if, and to what extent, BPL degrades a 
representative carbohydrate, a 21.5% glucose solution 


‘ Photovolt Corporation, New York, N. Y. 
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FIG. 1. Composite of nine Warburg oxygen uptake curves for 
Escherichia coli with BPL-, Seitz filter-, and autoclave-sterilized 


glucose as substrate. 
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was sterilized by 


BPL. Quantitative colorin tric 
determinations of glucose concentrations, with and 
without BPL treatment, were performed, using Glu- 
costat,° a commercial enzyme preparation, and em. 
ploying a Klett-Summerson® photometer (no. 42 blue 
filter). To obtain Klett values within the range o! the 
instrument, an initial concentration of 0.0215 % was 
used. 

If one can assume that the glucose oxidase of the 
Glucostat preparation is specific for undegraded 
glucose, then it was apparent from the results obtained 
that glucose was not degraded at any time in the BPL 
sterilization treatment since the amount determined 
equaled that of the initial concentration. 

These results are in direct contrast with those 
obtained by quantitative evaluation of glucose deg- 
radation after heat sterilization in the autoclave at 
112 C for 10 min and 121 C for 15 min, respectively, 
It was found that autoclaving at 112 C for 10 min 
degraded 30.1% and autoclaving at 121 C for 15 min 
degraded 49.5% of the glucose. In these studies 0.1% 
glucose was used. 

Warburg studies. It was considered desirable to 
further evaluate the effect of BPL degradation prod- 
ucts on £. coli metabolism by a more precise and 
accurate method. Warburg oxygen uptake studies 
therefore were performed using BPL-, Seitz-, and 
autoclave-sterilized glucose as the substrates in a 
concentration of 0.005 %. 

The rate of oxygen uptake was measured according 

5 Worthington Biochemical Corporation, Freehold, N. J. 

6 Klett Manufacturing Company, New York, N. Y. 
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FIG. 2. Composite of nine Warburg oxygen uptake curves for 
Escherichia coli with BPL-, Seitz filter-, and autoclave-sterilized 


glucose as substrates to confidence values of 5%. 
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to estublished techniques in the Warburg respirometer 
at 35.2 C using single side arm flasks. Three separate 
determinations were performed in triplicate so that a 
total of nine sets of data was obtained. Each experi- 
ment was carried to 150 min and stopped irrespective 
of the levels reached. The data obtained were treated 
statistically to arrive at an arithmetic average, standard 
deviation, and 95% confidence limits. The averages 
were plotted graphically so that uptake levels and 
overlap areas could be visualized. 

From the results obtained and plotted in Fig. 1 and 
2 it can be seen that autoclaved glucose resulted in the 
highest oxygen uptake, followed closely by Seitz- 
filtered and BPL-treated glucose, in that order. Confi- 
dence limits to 95% indicate that there is an overlap 
between the values for autoclaved and Seitz, for BPL 
and Seitz, but not for BPL and autoclaved glucose. 


DISCUSSION 


In general, pH and titrable acidity determinations 
showed that there were no differences between BPL-, 
Seitz filter-, or autoclave-sterilized carbohydrates after 
3 days of incubation with ten selected organisms. 
However, visual observations occasionally revealed 
that autoclaved carbohydrate preparations elicited a 
greater acid and gas production. As a mechanism for 
this occurrence, it is suggested that there was a partial 
hydrolysis of the carbohydrate. This is evidenced by 
the fact that autoclave exposures at 112 C for 10 min 
and 121 C for 15 min caused a 30.1% and 49.5% 
degradation, respectively, of 0.1% glucose solutions. 

A statistical analysis of confidence limits to 95% 
indicated an overlap in values between the Seitz-filtered 
and BPL-treated glucose, insofar as £. 
uptake is concerned. Because the Seitz-filtered glucose 
was considered to be the control system, it is felt that 


coli oxygen 


BPL-treated glucose proved to be satisfactory as a 
substrate for #. coli since no interference with the 
glycolytic mechanism was detectable. It was further 
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shown in the Warburg respiration studies that the 
autoclaved glucose preparation supported a higher 
oxygen uptake than did the Seitz or BPL preparations. 
As previously suggested, EL. coli may be better able to 
metabolize heat modified or degraded glucose. 

According to the data presented, it is proposed that 
BPL may be used in the preparation of media for 
routine laboratory fermentative procedures. Such a 
procedure would obviate the difficulties encountered 
with the use of Seitz filter pads, e.g., fibrous shedding, 
iron and alkali deposits, and so forth (Sykes, 1958). 
The results obtained also suggest the feasibility of 
applying the BPL sterilization procedure to fermenta- 
tive processes which are sensitive to heat sterilized 
substrates. However, it must be considered, in view of 
the procedures involved, that the BPL sterilization 
method is lengthy and would not present a saving in 
time. 
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ABSTRACT 


Kui, F. C. (CIBA Pharmaceutical Products Inc., 
Summit, N. J.), P. C. Ersman, H. D. SyYLwestrowicz, 
AND R. L. Mayer. Mixtures of quaternary ammonium 
compounds and long-chain fatty acids as antifungal 
agents. Appl. Microbiol. 9:538-541. 1961.—The influ- 
ence of undecylenic acid on the fungistatic effect of 
phenoxyethyldimethyldodecylammonium bromide (Do- 
miphen bromide) against Trichophyton mentagrophytes 
was investigated. The unsaturated fatty acid was 
found to enhance the fungistatic activity of Domiphen 
bromide against this organism. The ratio of concentra- 
tions of these agents has a marked influence on the 
results of in vitro tests for antifungal action resulting 
in a completely different effect than heretofore noted 
in combination experiments against bacteria. The 
enhancing phenomenon is not particular to 7’. menta- 
grophytes, it was observed also with Candida albicans. 





A large number of varied substances are known to 
counteract the germicidal activity of cationic deter- 
gents. Among these antagonists, anionic agents are the 
most prominent. It is generally believed that this 
interference is comparable to the neutralization of 
acids by alkalies. 

Notwithstanding their conspicuous lack of activity 
against the bacteria, a number of anionic agents, in 
particular, the fatty acids, possess significant anti- 
fungal activity approximating in magnitude that of the 
quaternary ammonium compounds. The interesting 
question therefore arises as to whether the combination 
of an active cationic detergent with one of the anionic 
agents having antifungal activity would result in 
regular abolition of antifungal properties such as is 
known to occur with respect to antibacterial activity. 

Foley and Lee (1947) found that with several prepara- 
tions containing trimethylcetylammonium pentachlor- 
phenate and undecylenic acid, a marked inhibitory 
effect was exerted against several dermatophytes. At 
certain pH levels and depending upon the nature of the 
solubilizing vehicles used, the mixtures were more 
effective against these fungi than either component 


1 Present address: Armed Forces Institute of Pathology, 
Walter Reed Army Medical Center, Washington, D. C. 





alone. Reiss and Lustig (1948), on the other hand, 
found neither an additive nor an enhancing effect upon 
fungi with combinations of quaternary ammonium 
compounds and undecylenic acid. 

In view of these contradictory reports, an attempt 
was made to more precisely establish the effect of 
phenoxyethyldimethyldodecylammonium bromide (Do- 
miphen bromide; Bradosol?) (Neipp and Gross, 149; 
Kisman and Mayer, 1947; Eisman et al., 1947) and 
undecylenic acid upon each other, particularly as it 
relates to fungistatic activity. 


MATERIALS AND METHODS 


The quaternary ammonium compound used in this 
study, Domiphen bromide, possesses considerable 
activity against a wide range of bacteria and fungi as 
well. The anionic agent employed, undecylenic acid, 
has only very slight antibacterial but considerable 
antifungal activity; it is a common ingredient used in 
many preparations for the treatment of tinea pedis. 

The antimicrobial activities of Domiphen bromide 
and undecylenic acid were evaluated by recording the 
presence or absence of growth in varying dilutions of 
either substance dissolved in suitable broth; these 
end points of activity were compared with those ob- 
tained with mixtures of the two agents combined in a 
variety of ratios. In the antibacterial tests (Staphylo- 
coccus aureus and Escherichia coli), the substances were 


2 CIBA Pharmaceutical Products Inc., Summit, N. J. 


TABLE 1. Combined action of Domiphen bromide and undecylenic 


acid upon Staphylococcus aureus 


Domiphen bromide concn (mg/100 ml) 
Undecylenic acid 


= 0.40 0.33 0.29 0.25 0.22 0.20 0 
mg/100 ml 
133 - _ — ion as ms 
100 — |+4+]/4+4+/4+4+/4+4+!4+4+/ 44 
68 — | ++) 44+) 44+) 4+) 44+) 4+ 
50 — |}+4+)4++) 4+) 44/44) ++ 
10 — | — | ++) 44+) 44+! 44 | +4 
33 - ) =- | = | +4) 44144) 44 
25 - | - | - | — [+4144] 4+ 
0 _ -}/—-|—- | — |++/]+ 


+-+ Denotes growth; — denotes no growth. 
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diluted in brain heart infusion broth, pH 7.0. The 
standard inoculum was 0.05 ml of an 18-hr culture 
diluted with broth to yield a turbidity equal to that of 
a no. | McFarland nephalometer tube (3 X 10* cells 
per ml). All tubes of broth were then incubated for 48 
hr at 87 C. In the antifungal tests (Trichophyton 
mentagrophytes and Candida albicans), the compounds 
were diluted in Sabouraud’s liquid medium, pH_ 5.7. 
The inocula consisted of suspensions of culture diluted 
with broth to match the turbidity of a no. 2 nephalom- 
eter tube (6 X 10° cells per ml). The inoculated tubes 
were incubated for 7 days at room temperature and 
then examined for the presence or absence of growth. 

The results of the tests performed with S. aureus 
(Table 1) could, at first glance, be interpreted with 
antibacterial antagonism. 
However, in the experiments with 7. mentagrophytes 
(Table 2), £. coli, and C. albicans, evidence of antag- 
onism was established by the use of the graphical 
method of Zwart Voorspuij and Nass (1957), which 
evaluated the activity of two antibacterial compounds 


respect to evidence of 


acting simultaneously by determining: 

1) The quantity of compound A, producing an end 
point (Qa) 

2) The quantity of compound B, producing an end 
point (Qe) 

3) The quantity of each component of the mixture 
producing end points (Q4 and Qs) and expressing each 
asa ratio of Q4/Q. and Qz/Q». If the sum of the ratios 
for a mixture Q4/Qa + Qs/Qs = 1, additivity is indi- 
cated; if it is <1, synergism has occurred; a value of 
>1 is indicative of antagonism. 

A graphical presentation of these values may be 
made by expressing in logarithms the sum of the two 
ratios and plotting this logarithm on a vertical axis. 
The percentage of components of the mixture may be 
plotted on the horizontal axis. The simultaneous 
activity of two substances can then be expressed as an 


TABLE 2. Combined action of Domiphen bromide and undecylenic 
acid upon Trichophyton mentagrophytes 
Domiphen bromide concn (mg/100 ml) 
Undecylenic acid 


concn 
0.50 | 04.0 | 0.33 | 0.25 | 0.20 | 0.17 | 0.14 |0.125 | 0.10 0 


mg/100 ml 


2.00 —|-|- _ es eres) eee aes 
1.00 —;-jJ- |[- ee (Eee Baa fe 
0.50 —-,-/- _ ay ee se eB RE 
0.33 at ecch wae ae Noack Weed wall ‘ses ind 3484 
0.25 NY (es (ta ie ol ah | ota foo sw 
0.20 Soa I ai Ca as ta eo i la 
0.13 a ee a eo ee eee 
0 Sesh ae a sacl a wal cs asc i le So, Sal Ga RLS 
++ Denotes growth; — denotes no growth. 


End points applicable to Table 3. 
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activity index, which is positive in the case of an- 
tagonism and negative in the event of synergism. 


RESULTS 


The data obtained with combinations of Domiphen 
bromide and undecylenic acid in the tests with S. 
aureus clearly indicate the anticipated antagonistic 
effect of the anionic agent upon the antibacterial 
activity of the quaternary ammonium germicide. As 
shown in Table 1, the presence of relatively large 
amounts of undecylenic acid results in an appreciable 
neutralizing effect upon Domiphen bromide. For 
example, the bacteriostatic end points of Domiphen 
bromide and the fatty acid are 0.22 mg/100 ml and 
133 mg/100 ml, respectively, but in the presence of 40 
mg/100 ml undecylenic acid, 0.33 mg/100 ml of 
Domiphen bromide is required to inhibit the growth of 
S. aureus. The extent to which antagonism occurs is 
evident from the large number of plus (++) signs 
outside the rectangular area formed by the broken 
lines (Table 1). 

The results of a similar experiment with 7’. mentagro- 
phytes are entirely different. As shown in Table 2, the 
minimal inhibiting concentrations of Domiphen brom- 
ide and undecylenic acid when used alone are 0.50 
mg/100 ml and 2.0 mg/100 ml, respectively, whereas 
the combination of both substances results in an 
increased and, as a matter of fact, a more than additive 
antifungal effect. For example, the addition of 0.25 
mg/100 ml of the fatty acid to broth containing 0.25 
mg/100 ml Domiphen bromide renders this combina- 
tion completely fungistatic. Applying the method of 
Zwart Voorspuij and Nass (1957) to more accurately 
assess this phenomenon, these data were computed as 
shown in Table 3 and graphically expressed together 
with the results obtained with EF. coli, S. aureus, and 
C. albicans in Fig. 1. The quantities of Domiphen 
bromide and undecylenic acid in Table 3 are shown in 
milligrams per 100 ml; comparable data for the two 
sets of experiments were obtained from calculations 
based upon molecular weights of the germicides used. 

The data shown in Fig. 1 indicate that relatively low 
concentrations of undecylenic acid enhance the fungi- 
static activity of Domiphen bromide and that this 
enhancement extends over a wide range of concentra- 
tions. With the 7. mentagrophytes as the test organism, 
synergism occurs at ratios of 1:9.0 to 1:0.3 (Domiphen 
bromide to undecylenie acid); whereas, with C’. albicans, 
synergism occurs at 1:0.1 or less. Our findings with 
bacteria are in accord with many published studies; 
in the case of E. coli, the ratio of Domiphen bromide 
to undecylenic acid resulting in antagonism began at 
1:7 and was most pronounced between ratios of 1:2 
and 1:1. With S. aureus, the degree of antagonism was 
restricted to an exaggerated ratio; thus, relatively high 
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concentrations of undecylenic acid reversed the bac- 
teriostatic action of the quaternary. 

In additional experiments with 7. mentagrophytes, 
it was found that the enhancement of Domiphen 
bromide activity was not limited to the unsaturated 
fatty acids but existed as well with saturated long-chain 
fatty acids of comparable length. 

To determine whether the antifungal activity of 
quaternary ammonium compounds other than Dom- 
iphen bromide are similarly enhanced by undecylenic 



























the method of Zwart Voors 


From table 2: Quantities producing end points Composition of the 










QO4 Og Total A 

mg/ 100 ml % 

0.0 0.50 (Q,*) 0.50 0 
0.13 0.40 0.53 25 
0.13 0.33 0.46 28 
0.20 0.33 0.53 38 
0.25 0.25 0.50 50 
0.33 0.20 0.53 62 
0.33 0.17 0.50 66 
0.33 0.14 0.47 70 
0.50 0.13 0.63 80 
0.50 0.10 0.60 83 
1.00 0.10 1.10 91 
2.00 (Qt) 0.0 2.00 100 


*Q, = Quantity of Domiphen bromide alone, producing end po 


see Fig. 1. 
tQ. = Quantity of undecylenic acid alone, producing end point 
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TABLE 3. Anti-Trichophyton mentagrophytes activity of mixtures of undecylenic acid (A) and Domiphen bromide 
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acid, fungistatic assays were performed with alk vldi- 
methylbenzylammonium chloride (Zephiran®). The 


results indicated that mixtures of Zephiran and wi dee. 
ylenic acid also resulted in synergistic activity ag:inst 
the effect of h vher 
concentrations of the fatty acid on this cationic 


T. mentagrophytes. However, 
acid 


Was not as great as that observed with 


Domiphen 
bromide. 


3’ Winthrop Laboratories, New York, N. Y. 


(B) according to 
putj and Nass (1957) 


mixture Ratios of: 
actly index: 
B Oa Qn Qa + OB log +4 : a) 
Qa Ob Qa Ob 

100 0.6 1.00 1.00 0.0 

75 0.07 0.80 0.87 —(.66) 
72 0.07 0.66 0.73 —0.14 
62 0.10 0.66 0.76 —0.12 
50 0.13 0.50 0.638 —0.20 
38 0.17 0.40 0.56 —0.25 
34 0.17 0.34 0.51 —0.29 
30 0.17 0.28 0.45 —0.35 
20 0.25 0.26 0.51 —0.29 

17 0.25 0.20 0.45 —0.35 

9 0.50 0.20 0.70 —0.15 

0 1.00 0.0 1.00 0.0 


int = 0.50 mg/100 ml. 


+ A negative activity index denotes synergistic activity of both components used simultaneously. For graphical presentation, 


= 2.00 mg/100 ml. 
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FIG. 1. Extent of synergism and antagonism shown by various ratios of Domiphen bromide and undecylenic acid to various organisms 
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DISCUSSION 


Frequent references are found in the literature 
emphasizing the synergistic or antagonistic effect of a 
particular substance upon the biological activity of 
other, chemically unrelated compounds. In the case of 
the germicides, it has been shown by Domagk (1935), 
Baker, Harrison, and Miller (1941), Valko and DuBois 
(1944), and many others that cationic and anionic 
detergents will neutralize each other. Such reversal of 
the activity of quaternary ammonium compounds 
have been demonstrated with soaps, sodium taurocho- 
ate, sodium lauryl sulfate, suramin sodium and many 
other anionic agents. However, it should be emphasized 
that these observations are based upon experiments 
which utilized, as test organisms, only bacterial species. 
that an enhancement of 
both 


it becomes clearly evident that 


In view of our own findings 


antifungal activity occurs with mixtures of 
classes of compounds 
one cannot speak in general terms of synergism or 
antagonism without at least specifically defining the 


nature of the test organism. 
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ABSTRACT 


Munpt, J. Orvin (University of Tennessee, Knox- 
ville). Occurrence of enterococci: bud, blossom, and 
soil studies. Appl. Microbiol. 9:541-544. 1961.—The 
occurrence of enterococci (group D streptococci) on 
buds and flowers of plants and in soils has been studied. 


They were recovered from 27.5% 


of the flowers of 
seven species of plants, and from 6.8% of the buds of 
the same plants. They were recovered from 34% of 
the flowers of nonagricultural plants, from 32.2% of 
the flowers of ten species of agricultural dicotyledonous 
plants, and from 10.4% of the flowers of five species 
of grasses and cereals. The enterococci were invariably 
present or invariably absent from all samples taken 
from very few species. They occurred in small numbers 
on enclosed tassels and silks of corn of 22 of 60 samples, 


Published with the approval of the Director, Tennessee 
Agricultural Experiment Station. 


and in greater numbers on 90° or more of these after 
their floral parts had emerged. Interposition of a 
mechanical barrier reduced the incidence of recovery 
from flowers. The occurrence in soil, generally at a low 
level of population, may be correlated with occurrence 
on the plant growing on the soil or with nearby entero- 
coccal-bearing plants. 

It is concluded that enterococci may be regarded as 
temporary residents on plants, capable of limited 
reproduction, and that they are disseminated among 
plants by the action of insects and wind, and spread to 
the ground by these agencies, gravity, and rain. 





Little is known about the relationship of enterococci 
(group D streptococci) to plants and to soil. They 
occur commonly on plants, as reported by Sherman 
(1937) and by Mundt, Johnson, and Khatchikian 
(1958). At times they are dominant organisms in the 
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natural fermentation of orchard grass and alfalfa level as determined by the chi-square test. Leve's of 
silage (Langston and Bouma, 1960). Randall (1956) enterococcal populations were relatively low on encl. sed 
and Medrek and Litsky (1960) isolated them in small structures, up to 10,000 per g when present, but were 
numbers from all soils examined. much greater (to 300,000 per g) on emerged ta-sels 
Shapiro and Holder (1960) did not include entero- and silks. In comparison, nutrient agar counts indic: ted 
cocci among the isolates, many of which are presumed viable aerobic populations as great as 8,000,000 baci eria 
to be epiphytic, from salad greens. Burri (1903) and per g from enclosed tassel, 430,000 per g from enclosed 
Dueggeli (1904) defined a bacterial plant epiphyte as silk, and as many as 20,000,000 per g from emerged 
one which accompanies all parts of the growing plant. floral parts. All counts are expressed on the basis of 
Voznyakovskaya and Khudykov (1960) suggested dry weight of plant material. 
that to be considered an epiphyte, a bacterium should Sixteen of 23 samples of pollen gathered during 
compose at least 10% of the natural flora isolated antheresis, were free of enterococci. Anthers fell into 
from the plant. It is known that enterococci do not 
survive long in soil (Mallmann and Litsky, 1951; TABLE 1. Recovery of enterococci from flowers of corn 


Guthof, 1959); however, Dueggeli did not consider 


. » . > Enterococci recovered Nutrient plate 
presence in the soil to be an essential property of an 
_ — . ‘ nr > 7 P No. 
epiphyte. They should be recovered from few, if any, Hower part sampled|No. off po. MPN* | No, | Range of 
samples of plants of species upon which they are not “les | cent | maximum plated | SP") Pet 
epiphytic. This approach is used in an attempt to 
clarify the relationship of these bacteria to plants. Tassel, enclosed .| 32 | 9 | 28.1) 10,000 | 9 | 9-8,000 
Tassel, in pollen.| 38 | 34 | 89.6) 300,000 | 1 20,000 
MATERIAL AND METHODS Pollen grains 23 7 | 30.4 | 5 
‘ : Silk, enclosed 28 | 13 | 46.7 170 | 2 |20-430 
Small buds and blossoms were excised beneath the Silk, emerged 23 | 22 | 95.6,>100,000 | 2 | 5,000 
calyx and introduced intact into tubes of azide-dextrose Silk, bagged 14 | 10 | 71.4; 100,000! 6 | 2-5,000 


(AD) broth. The inner floral structure of buds of 


Hibiscus syriacus (althea), Nicotiana (tobacco), and * MPN = Most probable numbers, on dry weight per gram. 
Abelmoshus (okra) were taken for culture after removal : ; a 
of the calyx; stamens and pistils only of the opened eS. ey a oe corn ty Aall-moniily 
flowers of these species were taken. eee 


‘or ants containing enclosed tassels : silks ; Per cent 
Corn pl ants cont MEINE Cm lose I Lasse Is und ilks Half-month period No. of samples | No. containing containing 
were removed to the laboratory. Emerged structures enterococci | enterococci 
were excised and placed into sterile containers. Glassine — : 
: ; , 5 3e 22 16.7 
bags were slipped over emergent ear buds of corn, and July 1 7” ws z pints 
op ‘ ue ‘ July 16-31 oa 26 17 65.6 
over buds of Hibiscus. Samples of soil were transferred r 9 9 a 
: ‘ ; : é Aug. 1-15 | 21 12 57.2 
from the root zones into sterile containers in a manner Aug. 16-31 26 19 73.2 
to include both surface and subsurface soil. Sept. 1-15 ; 14 9 | gas 
Weighed portions of tassels and silks of corn were ee 
se ° » . Totals 9 7 
disintegrated with 9 volumes of water in a blender. ae ' - ad m 
: Ca ‘ : Per cent 65.8 
Decimal dilutions were introduced into tubes of AD : 
broth for estimation of population of enterococci by 
most probable numbers, and to plates for estimation of TABLE 3. Recovery of enterococci from buds and blossoms of 
viable aerobic counts. Separate portions were reduced 7 genera of plants 
"ar io Ta al A. a r, 21 yr « ‘ : i ieee i) 
overnight to oven-dry weight at 100 C. : Samples No. of |Samples 
: . . > No. of ‘ | 
From all tubes of AD broth showing growth, transfers struc- |, 8" | per | struc- | con- ee 
: : 5 Genus of plant fracas | taining pavers tures | taining | cant 
were made into ethyl violet broth. AD agar was streaked sampled] &atero- sam- | entero- | 
p 3 ie A : 5 cocci pled cocci 
from tubes with typical growth for recovery of colonies. eee TE, ee fel : 
Selected colonies were taken for study of identity. Phaseolus sp....... 187 | 11 | 5.8| 298 | 52 | 17.4 
Abelmoschus sp 44 6 (13.6 | 108 35 | 32.4 
RESULTS Nicotiana sp... Babs 13 | O | 0.0) 53 17 | 32.1 
’ , : . > Hibiscus syriacus .| 2 2 he 25 | 80.6 
Corn flowers. Enterococci were recovered from 9 of —_ 4 a | 8.7 a1 | 25 : 
pe : ; if xi on Aesclepias sp ; 5 0 0.0 10 3 30.0 
32 samples of enclosed tassels, and from 15 of 28 Rubus niger - 3 | 9 10.0! 20 g | 40.0 
enclosed silks (Table 1). They also were recovered from Lonicera semper- | | 
34 of 38 emerged tassels taken during antheresis, and viridans | 4 {| O | 0.0 6 | 5 | 8.3 
from 27 of 28 emerged, receptive, and postreceptive ; ‘ aks Oks BLA GA AT eee 
: us meee Totals : .| 279 | 19 526 | 145 
silks. The difference between occurrence on enclosed ‘ | = | ; 
Per cent of total. 6.8 27.5 
| 


and emerged on floral parts is significant at the 1% ie Gh Te 
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the collecting vessels frequently, however, and these 
may liave been the source of enterococci in the 7 
positive samples. 

Bagged flowers. Despite bagging, insects had free 
gecess to emergent silks, although mechanical con- 
tamination from anthers was prevented. The incidence 
of 71.4% recovery from bagged silks is compared with 
recovery from 95.6% exposed silks. None of eight 
Hibiscus flowers developing in glassine bags yielded 
enterococci, Whereas they were recovered from 80.6 % 
of unprotected flowers (Table 3). Many bagged buds of 
Hibiscus failed to develop. 

Distribution on corn during the growing season. The 
percentage of recovery from corn flowers during half- 
month intervals is shown in Table 2. Except for greater 
frequency during one time period, the second half of 
August, the percentage of incidence is_ relatively 
constant. 

Buds and flowers of other species. Enterococci were 
recovered from 19 (6.8%) of 279 buds, and from 145 
27.5%) of opened flowers of seven species of plants, 
as shown in Table 3. The difference is significant at the 
1% level, as shown by the chi-square test. They were 
present on some blossoms of all species studied, but 
absent from the buds of four species. The 20 blossoms 
of Rubus niger were taken from a cultivated area; an 
additional 38 blossoms taken from a forest area failed 
to yield enterococci on culture. Although enterococci 
were present in significant percentages on the blossoms 
of all species examined, they were not invariably 
present on all samples of a species. 

Miscellaneous flowers. Numbers of blossoms cultured 
and percentage recovery of enterococci occurring on 
three groups of plants are shown in Tables 4 and 5. 
All plants were growing in inhabited or agricultural 


TABLE 4. Recovery of enterococci from flowers of 
nonagricultural plants 


No. of Per cent with 


‘ » VP 
Genus of p'ant samples enterococci 


Ilex cornuta (Holly)... 25 32.0 
Malus sp. (flowering crab) 25 12.0 
Japonica sp. (flowering quince) 25 52.0 
Prunus sp. (sour cherry) 25 100.0 
Cercis sp. (red bud).... 25 20.0 
Spirea sp........ 25 28.0 
Berbera sp. (Juliana barberry) 50 0.0 
Hemerocallis sp. (day lily) 17 5.8 
Clover, dutch..... 10 90.0 
Clover, button..... 10 0.0 
Weed flowers, miscellaneous 43 34.8 
Aesclepias sp.... 10 30.0 
Ligustrum sp......... 10 60.0 
Lonicera sp. (honeysuckle) 20 30.0 


Total number of samples ; 335 
Average per cent recovery 34.0 


areas. Enterococci were absent from two species, 
Berbera and button clover. Enterococci were obtained 
from all samples of only one species, Prunus. The 
percentage of occurrence on flowers of all other species 
lies at some intermediate value. Results with two 
species indicate the influence of pollution. Twenty-five 
flowers of Ligustrum and Lonicera growing near a wet 
septic field yielded enterococci, whereas only 12 of 
30 samples of these plants taken from a remote area 
yielded enterococci on culture. 

The percentage of occurrence of enterococci on 
cultivated agricultural plants is at some intermediate 
value for all except the tomato. Eaves and Mundt 
(1960) have commented that enterococci could be 
recovered from insects taken in corn fields, but not 
from the same insects taken in tomato fields. 

The low incidence of recovery from cereals and 


TABLE 5. Recovery of enterococci from flowers 
of agricultural plants 





i No. Der ce . 
Genus of plant No. of Per cent with 
samples enterococci 

















Cucumeris sp. (cucumber).......... 1] 45.4 
Gossypium sp. (cotton)............ 16 81.2 
Phaseolus sp. (lima bean).......... 40 55.0 
Raphanus sp. (wadish)............-. 26 77.0 
Lycopersicon sp. (tomato) leaf. .... 25 8.0 
Lycospersicon sp., flower. .......... 100 1.0 
Cucurbita sp. (zuccini)............. 38 41.0 
Nicotiana sp. (tobacco)............ 39 41.0 
Ipoemaea sp. (sweet potato)........| 6 33.0 
Medicago sp. (alfalfa)........... - 6 50.0 
Secale cereale (rye grass)........... 15 20.0 
Poa praetensis (blue grass)......... 15 7.0 
Sorghum sudanensis (sudan grass). .| 25 4.0 
DORGRUNE AD. occ ce eas a eset gp Ses oan | 3 67.0 
Avena sativa (Oats)... . 2.20. 2.. cs. | 15 0.0 
Dactylis glomerata (orchard grass). . 15 13.0 
Totals: 

Broad-leaved plants............. 249 

Average per cent recovery.......| 32.2 

Cereals and grasses.............. 88 

Average per cent recovery....... 10.4 

TABLE 6. Recovery of enterococci from soils 
Crop plant | Na,ofgoit | No.of enter 

PE MNINMNNUNR es ci, anh coves Ane her | 3 1 
OIE ET POUT TE Tae | 8 | 4 
WORD DOUNEO. oa bos. ic ace ode ctemcacs | 6 1 (1:10) 
PROGINS aS 24 bis ee ae nd ee | 3 ] 
Doemate.. ...... ee ae 30 7 
Myers oa eee 8 2 
Orn” eee eg ae ne tele Benak re | 5 0 
Snap Peans. 2... 5... Bat yee ee | 20 14 
ee OAC RR RAIA AC rae 19 4 

GS OS eet agen ene ar meee 102 34 














544 J. 0. 
grasses, 10.4% (Table 5), may be compared with an 
incidence of 34.0% on the broad-leaved group of woody 
and annual flowers (Table 4) and 32.3 % on agricultural 
plants (Table 5). 

Enterococci in soils. Table 6 records the numbers of 
samples of soils cultured and the numbers from which 
enterococci were obtained. Numbers seldom exceeded 
1,000 per g of soil, and frequently were as low as 10 
per g, when present. No enterococci were recovered 
from 1-g samples of cotton field soil, although 81.2 % 
of the cotton flowers sampled (Table 5) yielded entero- 
cocci. The incidence in corn field soils is low, 26.6%, 
in view of the high percentage of recovery from corn 
flowers. Conversely, the recovery from soils of tomato 
fields, 23.3 %, 


tomato plants. This may be explained by proximity 


is high, as compared with recovery from 


to, and the leeward location of, the tomato to corn 
fields. 

Enterococci were recovered both from plants and 
from soils in which the plants grew in eight fields; they 
were not recovered from either plants or soil of four 
fields. They were present in the soils of two fields, but 
not the plants the fields supported; were found on the 
plants of three fields, but not in the soils supporting 
them. 

Identity of isolates. Isolates were identified as Strepto- 
coccus faecalis, a proteolytic variant of S. faecalis, and 
Streptococcus faecium. The ratio of the strains identified 
was very similar to that described earlier by Mundt 
et al. (1957). 

DISCUSSION 

From results obtained, it appears that enterococci 
(group D streptococci) are temporary residents on 
plants, that they must be reintroduced during each 
growing season, and are capable of reproduction during 
periods when conditions are favorable. In most. in- 
stances they are not invariably present on a given 
species of plant, nor are they invariably absent. They 
are found less frequently on buds than on blossoms. 
Through with mechanical access, the 
number of flowers in which they may be found can be 
reduced. 


interference 


Most samples of the agricultural plants as well as 
the other plants were grown in extensive, cultivated 
areas which may have been adjacent to, but did not 
support simultaneously, domestic animal life. Most 
samples were taken well above the ground, thus 
minimizing the possibility of contact with wild animals. 
Samples of plants bearing enterococci were distributed 
throughout large, cultivated fields. 
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The potential role of insects has been indicat: d by 
Eaves and Mundt (1960), and this is further syb. 
stantiated in this work. Enterococci were isolated with 
greater frequency from corn tassels while well wr: pped 
within the sheath of leaves, if these were infested with 
insects of the family Nztidulidae. In the earlier work, 
enterococci were isolated relatively frequently -from 
insects taken in corn fields, but not from those oi the 
same species captured in tomato fields. 

The simultaneous occurrence or absence of entero- 
cocci in soils and on the plant grown on the soil of 12 
of 17 fields suggests also the role of wind, gravitational 
flow, and rain from the plant downward. Enterococci 
were rarely recovered from all samples taken in the 
same field, and frequently the level of population was 
between 10 and 100 per g of soil. Pollution from wild 
animals, although a possibility, is remote because of 
the very low populations in cultivated fields. 
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ABSTRACT 


Mika, Leonarp A. (U.S. Army Chemical Corps, 
Frederick, Md.), and JAMes B. Pirscu. Replication 
of variola virus in suspended cultures of mammalian 
cells. Appl. Microbiol. 9:545-548. 1961.—The studies 
reported here describe the successful propagation of 
variola virus in spinner cultures of mammalian cells, 
and the factors which influence its growth. Five es- 
tablished cell lines were used for the propagation of 
variola virus in a spinner culture system. Low doses of 
virus did initiate an infection but virus yields did not 
approach those obtained when an intermediate inocu- 
lum was used. Although the nonviable cell population 
remained low during the course of infection with an 
intermediate amount of virus, with an inoculum of 105 
infectious units per ml or higher, the percentage of 
nonviable cells increased rapidly and by the sixth day 
after infection the population was totally nonviable. 
Intracellular replication of variola virus occurred early 
and rapidly in a spinner culture of guinea pig lung 
cells, whereas the liberation of virus into the suspending 
medium was a more gradual process. Several complete 
medium changes tend to maintain a suitable environ- 
ment for the infected cell culture resulting in fairly 
high and constant viral titers over a period of 7 days. 





The propagation of variola virus in monolayer cul- 
tures of various tissue cells has been investigated by 
Boué and Baltazard (1956), Baltazard, Boué, and 
Siadat (1958), Hahon (1958), Vieuchange, deBrion, and 
Gruest. (1958), Hahon and Kozikowski (1959), Maren- 
nikova, Gurvich, and Yemansheva (1959), and Pirsch 
and Mika (1960). Apparently no study has been made 
on the ability of variola virus to grow in a suspended 
cell system. The work reported here describes the suc- 
cessful propagation of variola virus in spinner cultures 
of mammalian cells, and it also concerns some factors 
which influence its growth. 

MATERIALS AND METHODS 

Virus seed. The Yamada strain of variola virus, 
characterized by Hahon, Ratner, and [Kozikowski 
(1958), was used throughout these studies. A 10% 
suspension in heart infusion broth (Difco)! was pre- 


! |)ifeo Laboratories, Inc., Detroit, Mich. 


pared from infected chorioallantoic membranes (CAM) 
as a fifth egg passage. This preparation had a titer of 
1.4 X 107 infectious units (IU) per ml. 

Tissue culture. The following cell lines were employed 
in these studies: guinea pig lung, Maben, embryonic 
human lung, L, and Chang human liver. Generally, the 
growth medium consisted of medium 199 containing 
20% normal horse serum. The substrate for Chang 
human liver cells was 0.5% lactalbumin hydrolyzate in 
balanced salt solution (Hanks) supplemented with 10% 
normal calf serum. 

All spinner culture studies were carried out using an 
adaptation of the culture apparatus described by Me- 
Limans et al. (1957). The essential modification was 
the elimination of those accessories used for the COz gas 
overlay. The spinner vessel was a standard, round- 
bottomed, 250-ml centrifuge bottle sealed with a rubber 
stopper perforated with (i) a sampling port covered 
with a vaccine stopper, (ii) a small air vent filled with 
cotton, and (iii) a small stainless steel rod supporting 
the magnet assembly. The use of a centrifuge bottle 
obviated the need of removing the culture from the 
apparatus during medium changes. 

Procedures. In most experiments a spinner culture 
containing 100 ml of a cell suspension (approximately 
10° cells per ml) was inoculated with 1 ml of the virus 
preparation. An intermediate dose of virus (10% to 104 
IU per ml) was usually used as an inoculum although 
in certain experiments other virus-cell multiples were 
employed. An uninfected cell culture was always in- 
cluded to serve as a basis for comparing its physiological 
state with that of the infected culture during the course 
of each experiment. Appropriate daily samples were 
withdrawn from both infected and uninfected cell cul- 
tures for the determination of cell populations using 
the trypan-blue staining technique of Girardi, Me- 
Michael, and Henle (1956). An additional aliquot from 
the infected culture was stored in a Dry Ice cabinet 
(—35 C) for subsequent titration on the CAM of 11- 
and 12-day-old embryonated chick eggs. A standard 
inoculum of 0.1 ml per egg was used and all data were 
expressed as infectious units per ml. The accuracy of 
the pock-counting technique coincided with the findings 
of Westwood, Phipps, and Boulter (1957). 

For studies concerned with the growth kinetics of 
variola virus in a spinner culture of guinea pig lung 





Cell line 


Guinea pig lung 

Maben (CA of Human Lung). 
Chang human liver.. 
Embryonic human lung. . 

L (altered mouse fibroblast). 


* Attained in 4 to 5 days. 
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FIG. 1. Growth of variola virus in spinner culture of guinea pig 
lung cells. 


cells, 5 ml of egg seed virus (1.6 X 107 IU per ml) 
were added to 7.2 X 107 cells suspended in a minimal 
volume (15 ml) of complete medium and agitated for 
1 hr at 35 C on a Magnamix.? This was done to enhance 
adsorption with a virus multiplicity of 1. Infected cells 
were then centrifuged, washed twice with medium 199, 
and finally resuspended in 120 ml of the medium con- 
taining 20% normal horse serum. At this time (0 hr) 
and at designated intervals, samples were taken of the 
intact. culture suspension, supernatant fluid, and cells 
that were centrifuged and washed an additional three 
times prior to sonic disruption. Cell disruption was 
sarried out for 10 min in a Raytheon* 9-ke sonic oscil- 
lator. 


RESULTS 

Replication patterns of the virus. Vive established cell 
lines were tested to ascertain their capacity to support 
the multiplication of variola virus in spinner cultures. 
A virus yield of 6.2 X 107 1U per ml was obtained with 
a guinea pig lung cell culture after its infection with 
3.7 X 10! IU per ml (Table 1). The poorest. growth 
response was evident with an L cell culture which pro- 
duced only a tenfold increase of virus after 5 days. 


2 Precision Scientific Company, Chicago, Ill. 
3 Raytheon Corporation, Waltham, Mass. 
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Isolated in our laboratories 
Frisch et al. (1955) 

Chang (1954) 

Henle and Deinhardt (1957) 






TABLE 1. Growth of variola virus in submerged (spinner) cell cultures 


Reference Infective dose Peak tit 
IU/ml IU/n 
3.7 X 104 6.2 X 10? 
1.0 X 10° 4.1 X ii 
9.0 X 104 1.9 X 197 
6.8 X 108 1.8 X 10? 
Sanford, Earle, and Likely (1948) 9.0 X 10 9.5 X 10 


TABLE 2. Growth of variola virus in spinner culture* of guinea 
pig lung cells infected with high inoculum 


Cell count Cell count 


infection | istectea | monvioble | Virestiter | OO) a] aonanh 
culture culture 
IU/ml 
0 0.6 <1 1.1 X 105 0.5 2 
1 0.6 <i 1.8 X 105 0.7 1 
2 0.6 9 3.5 X 108 0.9 2 
3 0.7 50 1.0 X 107 1.9 l 
4 0.6 80 8.3 xX 10° 1.8 l 
5 0.7 87 9.0 K 10¢ 1.8 ] 
6 0.6 100 9.0 X 108 1.9 1 


* Medium 199 -++ 209% horse serum; incubation at 35 C. 


The growth pattern of variola virus in a spinner 
culture of guinea pig lung cells is shown in Fig. |. A 
slight rise in virus titer with no apparent early lag was 
observed within the first 2 days. A plateau maintained 
for the next day was followed by a rapid increase until 
peak titer was reached on the fifth day. The percentage 
of nonviable cells remained low during this entire 
period; this pattern paralleled that obtained in the 
uninfected cell-culture control. Nonviable cells in both 
infected and uninfected cultures varied usually from 5 
to 20%. 

Effect of viral inocula. In preliminary experiments 
low viral inocula, of the order of 10! to 10? IU per ml, 
were used to determine whether small amounts of virus 
would yield appreciable titers in a spinner culture sys- 
tem. The results showed that a 10- to 100-fold increase 
in virus titer was obtained with these inocula after 
prolonged cultivation. In comparison, when a viral 
inoculum of over 10° IU per ml was employed, a maxi- 
mal titer of | & 107 IU per ml was reached on the third 
day after infection (Table 2). Under these latter con- 
ditions, the number of nonviable cells in the infected 
culture increased dramatically until 50% of the cell 
population was nonviable. By the sixth day, this cell 
population was totally nonviable. No such increase in 
the nonviable population of the uninfected control cul- 
ture was detected. 

Growth kinetics of the virus. The data showing the 
pattern of virus replication in the various components 
of an infected spinner culture of guinea pig lung cells 
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are presented in Fig. 2. The viral titer of the super- 
natant fluid decreased tenfold within the first 12 hr. 
By 24 hr it reached the initial (0 hr) titer, followed by 
4 steady increase until a maximal titer of 1.0 X 107 
IU per ml was reached at 96 hr. Thereafter, a slow de- 
cline was noted to the termination of the experiment. 
In contrast, little or no increase in viral titer was ob- 
served in the disrupted cell milieu during the first 6 hr. 
However, from 6 to 24 hr postinfection, an 850-fold 
increase Of intracellular virus was detected. A maximal 
titer of 9.5 X 10° IU per ml was obtained by 72 hr and 
this was followed by a gradual although consistent 
decline up to 168 hr. This pattern coincides with a loss 
in viability of the infected cell population, that is, by 
72 hr, 60% of the cells were considered nonviable. 


‘| 
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10° o——— Intact Culture Suspension 
e-----e Supernatant Fluid 
o———o Disrupted Cells 
104- 
10'+ 
Lu l 1 L l n l J 
0612 24 48 72 96 120 144 168 


HOURS POST-INFECTION 
FIG. 2. Growth kinetics of variola virus in a spinner culture of 


guinea pig lung cells. 


TABLE 3. Effect of medium changes on the growth of variola virus 
in spinner culture of guinea pig lung cells 


Virus titer 


Day after —s — ; . 
infection* Cultase betas Infected cells Supernatant fluid 
es rift onse resuspended in (extracellular 
COnTEES OP fresh medium virus) 
IU/ml IU/ml 1U/ml 
0 1 Ode 30" 
1 | 6.4 X 10° 
2 | 4.4 X 10° 3.8 X 108 5.0 X 104 
3 | Ak SeaOr 
4 | 1.2 x 107 6.8 X 10° 3.2 X 108 
5 1.2 X 10° 
6 3.0 X 10° 4.0 X 108 2.2 X 10° 
7 1.3 X 10° 


Culture incubated at 35 C. Change of medium 199 + 20% 
horse serum accomplished on 2, 4, and 6 days. 
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Effect of medium changes. Studies were made to de- 
termine what effect frequent medium changes would 
have on a spinner culture of guinea pig lung cells in- 
fected with an intermediate dose of variola virus. Com- 
plete changes (100 ml) were made 2, 4, and 6 days 
after infection. In addition to the usual daily samples 
of the intact culture, the following aliquots were pre- 
pared when medium changes were made: infected cells 
(after centrifugation and resuspension in fresh medium) 
and supernatant fluids after centrifugation (absence of 
tissue cells). There appeared to be no discernible differ- 
ences in titers between intact cultures and the infected 
cells resuspended in fresh medium after 2 days (Table 
3). However, at the same time, supernatant fluid con- 
tained about 75-fold less virus than the resuspended 
cells. After 4 days the titers were nearly equal but by 
the sixth day some increase in extracellular virus was 
noted (5.5-fold). 

Discussion 

The propagation of variola virus in spinner cultures 
of mammalian cells is feasible, and some subtle effects 
of the virus on the suspended cells have been noted. 
The virus yield in spinner culture has approached the 
titers obtained in monolayer systems especially when 
an intermediate dose of virus was chosen as the in- 
oculum. Under these conditions, the viable cell popu- 
lation appeared to be only slightly altered during the 
course of the infection. 

Although small amounts of virus do initiate an in- 
fection in the suspended cell system, the titers achieved 
were never as high as those obtained in a monolayer 
cell culture similarly infected. The lack of greater virus 
multiplication may be attributed to the mechanics of 
the infection in spinner culture since maximal adsorp- 
tion of viral particles cannot be assured. It seems 
reasonable to assume that the percentage of infectious 
particles actually making contact with susceptible cells 
may be extremely low; the yield of lesser amounts of 
virus, therefore, is not unexpected. 

With a viral inoculum of 10° IU per ml or higher, 
the maximal titer attained approached that obtained 
with an intermediate dose, although, when the high 
inoculum was used, the peak was reached earlier on 
the third day of infection. At this time, over 50% of 
the cell population appeared nonviable. Subsequently, 
virus propagation diminished, and, within the next 3 
days, the entire cell population was found to be non- 
viable. The establishment of a high nonviable cell popu- 

lation in a spinner culture infected with an inoculum 
of 10° IU per ml or higher may be considered to be a 
type of cytopathogenic effect (cpe). This phenomenon 
may be related to the destructive cytopathology that 
occurred in monolayer cultures of many cell lines in- 
fected with a high inoculum of virus (Pirsch and Mika, 
1960). It is also reminiscent of the observation made 
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by Mayyasi, Schuurmans, and Brown (1959) that 10° 
or higher lethal doses of vaccinia virus were necessary 
to induce agglutination in monolayer cultures of L 
cells. These cells, although agglutinated, remained 
viable and continued to metabolize up to the third day 
(Brown, Mayyasi, and Officer, 1959). 

It has been noted with inocula less than 10° IU per 
ml that the peak titer of virus attained was generally 
proportional to the inoculated dose. This is not the 
pattern found in the usual bacterial or viral growth- 
curve studies, although delays may be evident when 
lower inocula are used, eventually equivalent peak 
titers are obtained. With inocula in excess of 10° IU 
per ml, destruction of the host-cell population prevents 
proportionately greater yields of virus. 

Intracellular replication of variola virus occurred 
early and rapidly in a spinner culture of guinea pig 
lung cells, although the liberation of virus into the 
suspending medium was a more gradual process. The 
use of larger inocula and a more efficient method of 
adsorption failed to affect. peak titers attained. No 
effort was made to demonstrate the amount of virus 
adsorption nor was any attempt made to demonstrate 
the presence of an eclipse phase. The latter phenomenon 
could only be expressed during the initial 6 to 7 hr 
postinfection and would require frequent and shorter 
time intervals for sampling and titration of disrupted 
cells. 

It would appear that several complete medium 
changes tend to maintain a suitable environment for 
the infected cell culture resulting in fairly high and 
constant viral titers over a period of 7 days. The effect 
of medium changes on tissue cells infected with variola 
virus suggested that a close cell-virus association existed 
for at least 2 days in the culture. By the sixth day, a 
dissociation apparently occurred resulting in an increase 
of extracellular virus and a concomitant decrease in 
cell-associated virus. Whether this association under 
these experimental conditions truly involved intra- 
cellular virus instead of virus loosely bound or adsorbed 
to the cell membrane is presently not known. 
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ABSTRACT 


Krart, A. A. (lowa State University, Ames), AND 
J.C. Ayres. Production of fluorescence on packaged 
chicken. Appl. Microbiol. 9:549-553. 1961.—Develop- 
ment of fluorescence caused by pseudomonads pro- 
liferating on packaged chicken was determined by ex- 
amination of the poultry under ultraviolet light and by 
measurements of absorption spectra. Asparagine broth 
inoculated with organisms from chicken showed ab- 
sorption maxima at 270 my and 410 my; these peaks 
are characteristic of the fluorescent pigment, pyo- 
verdine. Absorbance calculated as the ratio (Asm + 
Agomp)/A 350m provided a convenient measure of amount 
of pigment produced; this ratio was related to numbers 
of fluorescing organisms recovered from chicken. Ab- 
sorption peaks generally increased during the first 
few days the poultry was stored at 5 C and then 
declined during the latter part of the 7-day holding 
period. 

Production of fluorescence was influenced by packag- 
ing materials. Fluorescence was not visible on poultry 
until counts of fluorescing bacteria were as great as 
100,000 to 1,000,000 per cm?. Growth of fluorescent 
pigment-producing pseudomonads on chicken was 
stimulated during storage after the poultry was dip- 
ped in solutions containing iron. 





Fluorescent spoilage of shell eggs has been recognized 
for many years. The pigment complex produced by 
pseudomonads has been referred to as ‘‘fluorescein,” 
but Elliott (1958) indicated that the term ‘‘pyover- 
dine,’ as used by Turfreijer (1941), more correctly 
described the green, water-soluble pigment. In con- 
trast to reports concerning eggs, fluorescence as a 
manifestation of spoilage of chicken has received rela- 
tively little attention. Examination of poultry under 
ultraviolet light was considered by Cotterill (1956) 
as a means of demonstrating growth of fluorescing 
organisms and as a method for determining. shelf- 
life. The reliability of this technique was questioned by 

‘Journal paper no. J-4099 of the Iowa Agricultural and 
Home Economies Experiment Station, Ames, Iowa. Project 
no. 1392, Center for Agricultural and Economic Adjustment 
cooperating. 

* This investigation was supported in part by research grant 


E-1130(C5) from the National Institutes of Health, U.S. Public 


Health Service. 


Barnes and Shrimpton (1958), who reported a poor 
correlation between development of off-odors and the 
appearance of fluorescence on chicken. 

In an extensive study characterizing Pseudomonas 
fluorescens and other species of pseudomonads, Rhodes 
(1959) indicated that pigment production was not a 
constant property of these organisms. Earlier work 
(Sullivan, 1905; Georgia and Poe, 1931; Jamieson, 
1942; King, Campbell, and Eagles, 1948) stressed the 
importance of various minerals and salts for pigment 
formation and indicated that composition of the me- 
dium had a marked influence on ability of pseudo- 
monads to elaborate the water-soluble, fluorescent 
pigment. Similarly, formation of pyocyanine, the chloro- 
form-soluble pigment, was shown by Haynes (1951) 
to be dependent upon components of the medium in 
which Pseudomonas aeruginosa was grown. 

In view of observations indicating that fluorescence 
may become apparent on poultry undergoing micro- 
biological spoilage, the present study was initiated in 
an attempt to evaluate development of fluorescent 
pigment on poultry meat in relation to growth of 
pseudomonads. In addition, a limited investigation was 
conducted concerning the effects of iron on spoilage 
of poultry, since a recent report by Garibaldi and 
Bayne (1960) indicated that iron had an appreciable 
effect on spoilage of shell eggs by pseudomonads. 


MATERIALS AND METHODS 

Freshly cut chicken wings were purchased at a 
retail store and packaged with various films having 
different rates of transmission of moisture vapor and 
gases. These materials included 300 MSAD-80* cello- 
phane, 300 LSAD* cellophane, 50 ga HS Mylar,’ and 
75 ga Cryovac.* Except for one trial, Cryovae packages 
were not heat-shrunk or evacuated so that procedures 
were consistent with those employed with other films. 
When the effect of iron was tested, the chicken was 
immersed momentarily in a sterile solution of de- 
mineralized water containing 10 wg FeCl;-6H.O per 
ml, drained, and packaged. Samples similarly dipped 
in demineralized water served as controls. The packaged 
poultry was stored in a display case at approximately 
5 C and examined at intervals for numbers of fluorescing 
organisms and for total microflora. Surfaces of wings 

3E. I. du Pont de Nemours & Co., Inc., Wilmington, Del. 

4W.R. Grace & Co., Cryovae Division, Cambridge, Mass. 
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were sampled by firmly rolling moist absorbent cotton 
swabs over two 2-cm? areas outlined by sterile metal 
guides (Ayres et al., 1956). Fluorescing organisms were 
enumerated on the fluorescin medium of King, Ward, 
and Raney (1954). Plating was performed using the 
surface technique described by Silliker, Shank, and 
Andrews (1958), since greater numbers of fluorescing 
bacteria were recovered from plates prepared by surface 
inoculation than from pour plates. Total counts were 
made from pour plates of Trypticase soy agar (BBL).° 
All plates were incubated at 15 C for 3 or 4 days. 

The chicken was examined periodically for fluo- 
rescence under ultraviolet light. Determinations were 
also made of absorption spectra of broths inoculated 
with organisms obtained from the poultry. For these 
measurements, chicken was sampled as indicated pre- 
viously and the moist cotton swab placed in a flask 
containing the broth described by King et al. (1954) or 
the asparagine medium of Georgia and Poe (1931). 
The flask was shaken at 30 C for 18 to 20 hr and in- 
cubated without shaking for an additional 18 to 20 
hr. This procedure was accepted after testing several 
combinations of time and temperature with and without 
shaking the flask. The broth was then centrifuged and 
the absorption spectrum of the supernatant liquid was 
measured with a Beckman model DU spectrophotom- 
eter.’ Absorption spectra of stock cultures of Pseudo- 
monas were determined in a similar manner. 


RESULTS AND DISCUSSION 


Prior to tests with organisms sampled from chicken, 
measurements were made of absorption spectra of 
known pseudomonads cultured in asparagine broth. 
Curves for P. aeruginosa (2F41)® and Pseudomonas 


fragt (2¥36)* are presented in Fig. 1. Absorption 


* Baltimore Biological Laboratory, Inc., Baltimore, Md. 

6 Vogelite Egg Candler, model 205, distributed by Alf 
McNamee and Sons, Oakland, Calif. 

7 Beckman Instruments, Inc., Fullerton, Calif. 

8’ Department of Bacteriology, Iowa State University, 
Ames, Iowa. 
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FIG. 1. Absorption spectra of asparagine broth cultures of 
Pseudomonas fragi and Pseudomonas aeruginosa. 
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maxima at 270 my and 410 my were observed jor P 
aeruginosa and at 405 mu for P. fragt. The abso: ptioy 
spectrum for P. aeruginosa was in general agre: ment 
with spectra depicted by Elliott (1958) for crude prepa. 
rations of pyoverdine and for Pseudomonas ovalis. The 
curve for P. fragi resembled that shown by Tur! reijer 
(1941) for pyoverdine B. When examined under iltra- 
violet light, the broth supernatant from the culture of 
P. aeruginosa exhibited bright blue-green fluorescence, 
whereas the supernatant from P. fragi fluoresced with q 
pale color. According to Elliott (1958), the intensity 
and color of fluorescence of pyoverdine is correlated with 
concentration of the pigment, proceeding from blue to 
yellow-green with increasing concentration. Similarly, 
differences in degree and color of fluorescence were re- 
lated to magnitude of absorption peaks for ‘the two 
cultures tested. 

Figure 2 demonstrates the influence of culture media 
on absorption characteristics of pigment produced by 
a fluorescing pseudomonad isolated from _ spoiled 
chicken. No absorption peaks were observed at wave- 
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FIG. 2. Comparison of absorption spectra of pigment produced 
by a pseudomonad in two media. 
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lengths longer than 270 my with the fluorescin medium 
of King et al. (1954) but maxima occurred at 270 mu 
and at 420 my in the asparagine broth of Georgia and 
Poe (1931). Fluorescin broth did not appear to be as 
sensitive as asparagine broth in showing differences in 
absorption properties between the uninoculated me- 
dium and that inoculated with fluorescing organisms. 
In the following studies, asparagine broth was em- 
ployed for production of fluorescent pigment to be 
analyzed by spectrophotometric measurements. 
Spectrophotometric curves for fluorescent pigment 
produced by pseudomonads developing on chicken 
were similar to those for pure cultures of Pseudomonas. 
Absorption maxima were noted at 270 my and in the 
range 405 to 420 mu. The latter peak generally occurred 
at 410 my; Fig. 3 presents changes in absorption peaks 
at 270 my and 410 my for broths inoculated with swabs 
used to sample chicken packaged in LSAD cellophane 
or Cryovac. Maximal absorption at 270 mu was at- 
tained after 2 days for samples from chicken packaged 
with either material. At 410 my, greatest absorption 
was observed after 1 day for cultures from the poultry 
wrapped with cellophane and after 2 days for those 
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r1G. 3. Absorption maxima of asparagine broth inoculated 
with swabs from chicken packaged with LSAD cellophane and 
Crvovac and stored at 5 C. 





from chicken packaged with Cryovac. When examined 
under ultraviolet light, broth cultures exhibited bright 
blue-green fluorescence. After the chicken was stored 
for 5 and 7 days, absorption peaks of broth samples 
decreased; the medium appeared brown in color and 
lacked fluorescence. These data are not intended to 
imply that the same time intervals as those specified 
were always associated with changes in absorption 
maxima as shown in Fig. 3. However, the trend usually 
observed was an increase in fluorescence followed by 
a decline as storage time progressed. 

Increases in numbers of organisms during the latter 
part of the storage period may have caused quenching of 
fluorescence as a result of reducing conditions and 
increase in metabolic products. Although no measure- 
ments were made of oxidation-reduction potentials in 
this study, Elliott (1958) stated that lowering of oxygen 
tension in spoiling liquid egg caused cessation of 
pyoverdine production. An analogous situation may 
have existed in the broth media cultured from chicken 
held for 5 and 7 days in the trials presented here. 
Information relating the role of oxygen pressure to 
production of fluorescence was obtained by com- 
paring chicken in evacuated, heat-shrunk Cryovae 
packages with samples in Cryovae bags with no air 
removed. After 7 days in storage, when the experiments 
were terminated, no fluorescence was visible on the 
poultry in evacuated packages, whereas that in un- 
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FIG. 4. Numbers of fluorescent bacteria recovered from packaged 
chicken stored at 5 C. 
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evacuated bags exhibited fluorescence after 4 days. 
Chicken packaged in accordance with the Cryovac 
process and held at refrigeration temperatures might 
be expected to show no fluorescence for as long as 14 
days (Cotterill, 1956). 

Numbers of fluorescing bacteria recovered from 
chicken packaged with various materials are shown in 
curves in Fig. 4. Since Cryovac packages were not 
evacuated and did not form a tight-fitting wrap around 
the meat, free air space existed in the package. This 
condition, together with the high degree of imper- 
meability to moisture transfer characteristic of the 
film, permitted retention of liquid in contact with the 
meat. Conversely, LSAD cellophane allowed loss of 
moisture so that weight losses of 6 to 7% were ob- 
served after 7 days of storage. The meat became desic- 
cated and this could have prevented bacterial counts 
from becoming as great as those from chicken packaged 
with other materials. In other experiments, it was 
shown that, during the early days of storage, MSAD-80 
cellophane provided conditions favorable for rapid 
growth of fluorescing organisms; this film has a high 
degree of oxygen permeability and is a better barrier 
to transfer of moisture vapor than is LSAD cellophane. 
However, by the fourth day of storage, sufficient 
moisture vapor had been lost through this film to 
prevent continued rapid growth. Numbers of fluorescing 
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pseudomonads on chicken packaged in Mylar and 
Cryovac reached greater ultimate populations han 
they did with either of the cellophanes. 

Fluorescence was not evident on chicken exan: ined 
under ultraviolet light until counts of fluorescing bac- 
teria were of the magnitude 100,000 to 1,000,000 per 
em*. Localized fluorescence became apparent after 3 to 
5 days of storage, usually at the edges of the wings, 
or where packaging materials were not in close contact 
with the meat. An observation of interest was that 
an initial count of approximately only 500 fluorescing 
bacteria from freshly cut chicken were sufficient to pro- 
duce fluorescence in broth after incubation. Apparently, 
pseudomonads capable of forming pigment were present 
on the poultry prior to packaging, but development of 
these organisms was modified by conditions imposed by 
packaging materials. 

In an attempt to minimize variations in turbidity 
of the centrifuged broth and to decrease the effects of 
interfering substances which might influence the over- 
all absorption curve, the ratio of absorption (A 270m, + 
A 410 mu) / A350 me Was established. Absorption at 350 mu 
was selected as a reference point because it did not 
appear to reflect differences in concentration of ab- 
sorbing materials. In Fig. 5, optical density values for 
this ratio are plotted against numbers of fluorescing bac- 
teria recovered from chicken. Although considerable 
scatter was observed among points, a correlation co- 
efficient of 0.549 was found. This represents significant 
association between counts of fluorescing organisms 
and amount of pigment produced. However, a fallacy 
in the ratio should be mentioned. When optical density 
readings at 270 mu and 410 mu were low, indicating 
little or no pigment present, high values were occa- 
sionally calculated for the ratio in instances when ab- 
sorption measured at 350 my was also low. Under these 
conditions, determinations of absorption maxima at 
270 my and 410 my gave a better representation of 
pigment concentration than did the proportion  be- 
tween the sum of these maxima and optical density at 
350 mu. 


TABLE 1. Effect of tron on total numbers of organisms and 


Sluorescing bacteria on chicken 


Average no. bacteria per em? (X 1,000) 


Day 
in storage Control Iron-treated* 
t 5 
Fluorescent Total Fluoresce 
0) ND 0.08 SOO BB 
| Is.0 1.2 O80 4 
j 00.000 5.300 HO 000 10, OO 
‘i 710 000 114.000 , 900 000 HOO, OO 
s 1000 hoo 000 2.100000 175.00 
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When chicken was treated with a solution con- 
taining 10 wg FeCl;-6H.2O per ml (2 ug Fet+* per ml), 
greater numbers of total aerobes and of fluorescing 
bacteria were recovered during storage than those 
found on chicken not subjected to treatment with 
iron (Table 1). These findings for poultry concur with 
those of Garibaldi and Bayne (1960) for shell eggs; 
they showed that iron had a marked effect in increasing 
spoilage of shell eggs by pseudomonads. However, 
enhancement of fluorescent pigment production by iron 
as reported by these workers, and as indicated in the 
present study, was at variance with the reports of 
Totter and Moseley (1953) and Paton (1959), who 
indicated an opposite effect of iron. This discrepancy 
may be explained by the statement of Totter and 
Moseley (1953) that iron suppressed pigment formation 
in the pH range 6.0 to 7.0, but not at higher pH values. 
The pH of broths examined in the current study was 
generally in the range 7.5 to 8.5, and it is also quite 
unlikely that the eggs tested by Garibaldi and Bayne 
(1960) had pH values as low as 6.0 to 7.0. It was in- 
teresting to note that, although counts of fluorescing 
bacteria appeared to decrease after 8 days, total num- 
bers of aerobic organisms remained at a high level on 
poultry treated with FeCl;-6H,O and increased on 
control chicken receiving no application of iron. 
Evidently, conditions were similar to those observed 
previously wherein production of fluorescence dimin- 
ished when total counts became excessive. When ex- 
amined under ultraviolet light, chicken treated with 
iron showed fluorescence 2 to 3 days earlier than did 
control samples. In addition, fluorescence was more 
widespread on the poultry subjected to iron treatment 
than on untreated wings. 

In consideration of the large quantities of water 
utilized in poultry processing operations, stimulation of 
growth of pseudomonads by iron merits further atten- 
tion. Contamination of poultry by iron or by other 
minerals in processing waters may be partly responsible 
for development of spoilage organisms during storage 
of the product. Studies are in progress seeking in- 
formation concerning the relation. of mineral content 
of waters used in processing and chilling poultry to 
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growth of pseudomonads and production of fluorescent 
pigment on poultry meat. 
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were sampled by firmly rolling moist absorbent cotton 
swabs over two 2-cm? areas outlined by sterile metal 
guides (Ayres et al., 1956). Fluorescing organisms were 
enumerated on the fluorescin medium of King, Ward, 
and Raney (1954). Plating was performed using the 
surface technique described by Silliker, Shank, and 
Andrews (1958), since greater numbers of fluorescing 
bacteria were recovered from plates prepared by surface 
inoculation than from pour plates. Total counts were 
made from pour plates of Trypticase soy agar (BBL).® 
All plates were incubated at 15 C for 3 or 4 days. 

The chicken was examined periodically for fluo- 
rescence under ultraviolet light.* Determinations were 
also made of absorption spectra of broths inoculated 
with organisms obtained from the poultry. For these 
measurements, chicken was sampled as indicated pre- 
viously and the moist cotton swab placed in a flask 
containing the broth described by King et al. (1954) or 
the asparagine medium of Georgia and Poe (1931). 
The flask was shaken at 30 C for 18 to 20 hr and in- 
cubated without shaking for an additional 18 to 20 
hr. This procedure was accepted after testing several 
combinations of time and temperature with and without 
shaking the flask. The broth was then centrifuged and 
the absorption spectrum of the supernatant liquid was 
measured with a Beckman model DU spectrophotom- 
eter.’ Absorption spectra of stock cultures of Pseudo- 
monas were determined in a similar manner. 


RESULTS AND DISCUSSION 


Prior to tests with organisms sampled from chicken, 
measurements were made of absorption spectra of 
known pseudomonads cultured in asparagine broth. 
Curves for P. aeruginosa (2F41)* and Pseudomonas 
fragi (2F36)* are presented in Fig. 1. Absorption 

5 Baltimore Biological Laboratory, Inc., Baltimore, Md. 

® Vogelite Egg Candler, model 205, distributed by Alf 
McNamee and Sons, Oakland, Calif. 

7 Beckman Instruments, Inc., Fullerton, Calif. 
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FIG. 1. Absorption spectra of asparagine broth cultures of 
Pseudomonas fragi and Pseudomonas aeruginosa. 
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maxima at 270 my and 410 my were observed for P. 
aeruginosa and at 405 my for P. fragi. The absorption 
spectrum for P. aeruginosa was in general agreement 
with spectra depicted by Elliott (1958) for crude prepa- 
rations of pyoverdine and for Pseudomonas ovalis. The 
curve for P. fragi resembled that shown by Turfreijer 
(1941) for pyoverdine B. When examined under ultra- 
violet light, the broth supernatant from the culture of 
P. aeruginosa exhibited bright blue-green fluorescence, 
whereas the supernatant from P. fragi fluoresced with a 
pale color. According to Elliott (1958), the intensity 
and color of fluorescence of pyoverdine is correlated with 
concentration of the pigment, proceeding from blue to 
yellow-green with increasing concentration. Similarly, 
differences in degree and color of fluorescence were re- 
lated to magnitude of absorption peaks for the two 
cultures tested. 

Figure 2 demonstrates the influence of culture media 
on absorption characteristics of pigment produced by 
a fluorescing pseudomonad isolated from _ spoiled 
chicken. No absorption peaks were observed at wave- 
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FIG. 2. Comparison of absorption spectra of pigment produced 
by a pseudomonad in two media. 
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lengths longer than 270 my with the fluorescin medium 
of King et al. (1954) but maxima occurred at 270 my 
and at 420 my in the asparagine broth of Georgia and 
Poe (1931). Fluorescin broth did not appear to be as 
sensitive as asparagine broth in showing differences in 
absorption properties between the uninoculated me- 
dium and that inoculated with fluorescing organisms. 
In the following studies, asparagine broth was em- 
ployed for production of fluorescent pigment to be 
analyzed by spectrophotometric measurements. 
Spectrophotometric curves for fluorescent pigment 
produced by pseudomonads developing on chicken 
were similar to those for pure cultures of Pseudomonas. 
Absorption maxima were noted at 270 my and in the 
range 405 to 420 mu. The latter peak generally occurred 
at 410 my; Fig. 3 presents changes in absorption peaks 
at 270 mu and 410 my for broths inoculated with swabs 
used to sample chicken packaged in LSAD cellophane 
or Cryovac. Maximal absorption at 270 mu was at- 
tained after 2 days for samples from chicken packaged 
with either material. At 410 my, greatest absorption 
was observed after 1 day for cultures from the poultry 
wrapped with cellophane and after 2 days for those 
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FIG. 3. Absorption maxima of asparagine broth inoculated 


with swabs from chicken packaged with LSAD cellophane and 
Cryovac and stored at 6 C. 





from chicken packaged with Cryovac. When examined 
under ultraviolet light, broth cultures exhibited bright 
blue-green fluorescence. After the chicken was stored 
for 5 and 7 days, absorption peaks of broth samples 
decreased; the medium appeared brown in color and 
lacked fluorescence. These data are not intended to 
imply that the same time intervals as those specified 
were always associated with changes in absorption 
maxima as shown in Fig. 3. However, the trend usually 
observed was an increase in fluorescence followed by 
a decline as storage time progressed. 

Increases in numbers of organisms during the latter 
part of the storage period may have caused quenching of 
fluorescence as a result of reducing conditions and 
increase in metabolic products. Although no measure- 
ments were made of oxidation-reduction potentials in 
this study, Elliott (1958) stated that lowering of oxygen 
tension in spoiling liquid egg caused cessation of 
pyoverdine production. An analogous situation may 
have existed in the broth media cultured from chicken 
held for 5 and 7 days in the trials presented here. 
Information relating the role of oxygen pressure to 
production of fluorescence was obtained by com- 
paring chicken in evacuated, heat-shrunk Cryovac 
packages with samples in Cryovac bags with no air 
removed. After 7 days in storage, when the experiments 
were terminated, no fluorescence was visible on the 
poultry in evacuated packages, whereas that in un- 
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evacuated bags exhibited fluorescence after 4 days. 
Chicken packaged in accordance with the Cryovac 
process and held at refrigeration temperatures might 
be expected to show no fluorescence for as long as 14 
days (Cotterill, 1956). 

Numbers of fluorescing bacteria recovered from 
chicken packaged with various materials are shown in 
curves in Fig. 4. Since Cryovac packages were not 
evacuated and did not form a tight-fitting wrap around 
the meat, free air space existed in the package. This 
condition, together with the high degree of imper- 
meability to moisture transfer characteristic of the 
film, permitted retention of liquid in contact with the 
meat. Conversely, LSAD cellophane allowed loss of 
moisture so that weight losses of 6 to 7% were ob- 
served after 7 days of storage. The meat became desic- 
cated and this could have prevented bacterial counts 
from becoming as great as those from chicken packaged 
with other materials. In other experiments, it was 
shown that, during the early days of storage, MSAD-80 
cellophane provided conditions favorable for rapid 
growth of fluorescing organisms; this film has a high 
degree of oxygen permeability and is a better barrier 
to transfer of moisture vapor than is LSAD cellophane. 
However, by the fourth day of storage, sufficient 
moisture vapor had been lost through this film to 
prevent continued rapid growth. Numbers of fluorescing 


Y= 0.5289X + 2.94 
r= 0.549** . 
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pseudomonads on chicken packaged in Mylar and 
Cryovac reached greater ultimate populations than 
they did with either of the cellophanes. 

Fluorescence was not evident on chicken examined 
under ultraviolet light until counts of fluorescing bac- 
teria were of the magnitude 100,000 to 1,000,000 per 
em’. Localized fluorescence became apparent after 3 to 
5 days of storage, usually at the edges of the wings, 
or where packaging materials were not in close contact 
with the meat. An observation of interest was that 
an initial count of approximately only 500 fluorescing 
bacteria from freshly cut chicken were sufficient to pro- 
duce fluorescence in broth after incubation. Apparently, 
pseudomonads capable of forming pigment were present 
on the poultry prior to packaging, but development of 
these organisms was modified by conditions imposed by 
packaging materials. 

In an attempt to minimize variations in turbidity 
of the centrifuged broth and to decrease the effects of 
interfering substances which might influence the over- 
all absorption curve, the ratio of absorption (A270 my + 
A 410 mu)/ A350 mm Was established. Absorption at 350 mu 
was selected as a reference point because it did not 
appear to reflect differences in concentration of ab- 
sorbing materials. In Fig. 5, optical density values for 
this ratio are plotted against numbers of fluorescing bac- 
teria recovered from chicken. Although considerable 
scatter was observed among points, a correlation co- 
efficient of 0.549 was found. This represents significant 
association between counts of fluorescing organisms 
and amount of pigment produced. However, a fallacy 
in the ratio should be mentioned. When optical density 
readings at 270 my and 410 my were low, indicating 
little or no pigment present, high values were occa- 
sionally calculated for the ratio in instances when ab- 
sorption measured at 350 my was also low. Under these 
conditions, determinations of absorption maxima at 
270 mu and 410 my gave a better representation of 
pigment concentration than did the proportion be- 
tween the sum of these maxima and optical density at 
350 mu. 


TABLE 1. Effect of tron on total numbers of organisms and 
fluorescing bacteria on chicken 


Average no. bacteria per cm? (X 1,000) 


Days = 
in storage Control Iron-treated* 
at5C _ 
Total | Fluorescent Total Fluorescent 
0 26.5 0.98 89.0 1 
1 18.0 1.2 98.0 14.6 
4 60,000 5,300 410,000 10,000 
6 710,000 114,000 2,200,000 600 ,000 
8 1,340,000 100, 000 2,100,000 175,000 
* FeCl;-6H2O at concentration of 10 ug per ml. 
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When chicken was treated with a solution con- 
taining 10 wg FeCl;-6H.O per ml (2 wg Fet** per ml), 
greater numbers of total aerobes and of fluorescing 
bacteria were recovered during storage than those 
found on chicken not subjected to treatment with 
iron (Table 1). These findings for poultry concur with 
those of Garibaldi and Bayne (1960) for shell eggs; 
they showed that iron had a marked effect in increasing 
spoilage of shell eggs by pseudomonads. However, 
enhancement of fluorescent pigment production by iron 
as reported by these workers, and as indicated in the 
present study, was at variance with the reports of 
Totter and Moseley (1953) and Paton (1959), who 
indicated an opposite effect of iron. This discrepancy 
may be explained by the statement of Totter and 
Moseley (1953) that iron suppressed pigment formation 
in the pH range 6.0 to 7.0, but not at higher pH values. 
The pH of broths examined in the current study was 
generally in the range 7.5 to 8.5, and it is also quite 
unlikely that the eggs tested by Garibaldi and Bayne 
(1960) had pH values as low as 6.0 to 7.0. It was in- 
teresting to note that, although counts of fluorescing 
bacteria appeared to decrease after 8 days, total num- 
bers of aerobic organisms remained at a high level on 
poultry treated with FeCl;-6H,O and increased on 
control chicken receiving no application of iron. 
Evidently, conditions were similar to those observed 
previously wherein production of fluorescence dimin- 
ished when total counts became excessive. When ex- 
amined under ultraviolet light, chicken treated with 
iron showed fluorescence 2 to 3 days earlier than did 
control samples. In addition, fluorescence was more 
widespread on the poultry subjected to iron treatment 
than on untreated wings. 

In consideration of the large quantities of water 
utilized in poultry processing operations, stimulation of 
growth of pseudomonads by iron merits further atten- 
tion. Contamination of poultry by iron or by other 
minerals in processing waters may be partly responsible 
for development of spoilage organisms during storage 
of the product. Studies are in progress seeking in- 
formation concerning the relation of mineral content 
of waters used in processing and ¢hilling poultry to 
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growth of pseudomonads and production of fluorescent 
pigment on poultry meat. 
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ABSTRACT in the rumen, were 0.37 for butyric acid, 0.38 for 
or / Se ee ee »yropionic acid, and 0.26 for acetic acid. 
Huneate, R. E. (University of California, Davis), fi regs : yeni : 

. ; é Che carbon dioxide, acids, and microbial cells pro- 
Rospert A. Mau, AND MoGens SIMESEN. Rates of : : 
duced in the rumen fermentation are estimated to 
account for about 90% of the carbon found in the 
milk and respiratory CO, of the cows. The carbon 
dioxide from the fermentation was about 27% of the 
carbon dioxide exhaled. 


production of individual volatile fatty acids in the 
rumen of lactating cows. Appl. Microbiol. 9:554-561. 
1961.—The rumen fermentation rates in individual 
lactating cows were measured in four different experi- 
ments. The results disclosed that the amounts and 
proportions of volatile acids formed could vary widely. — 
In one case, a marked difference in the proportions of 
the acids produced arose within the experiment and 
correlated with a difference in the proportion of methane 
formed. 

The average rate of production per day was 10.5 
moles butyric acid, 12.8 moles propionic acid, and 40 
moles acetic acid. Manometric estimations of rate gave 
lower results than those obtained by the zero-time 
method, due to delay after sampling and to failure of 
the acids to liberate stoichiometric quantities of carbon 
dioxide. 





Previous measurements (Carroll and Hungate, 1954) 
of the microbial fermentation in the bovine rumen 
lacked the precision necessary for accurate single esti- 
mates of the rate of production of an individual volatile 
fatty acid. Smooth curves for estimating zero-time rates 
could be obtained only by averaging results from several 
trials. More precise experimental and analytical pro- 
cedures have been developed for the present studies. 
By applying them in duplicate to two rumen samples 
instead of one, reliable estimates of the rate in a single 
animal at a particular time have been obtained. 

The experiments have been made in connection with 
tracer experiments on the intermediary metabolism of 
lactating cows, performed by the animal husbandry 


lor those experiments in which zero-time rates were 
estimated, the average specific absorption rates, i.e., 
the amount absorbed per hour per micromole of acid 


1 This work was supported in part by research grant E-1266 physiology group. Some of their experimental results 
from the National Institute of Allergy and Infectious Disease. have been used to evaluate quantitatively the contri- 


TABLE 1. Description of the experiments 


Animal 
Name of experiment Feeding and sampling schedules identifi- Wt of animal Tracer and method of administration 
cation 
kg 
Butyrate-X Ist sample 7:25 1167 613 Butyrate-2-C' added to the rumen as a 
2nd sample 10:40 batch at the beginning of the experiment 
AP-I Ist sample 7:20 6816 580 Acetate-1-C and propionate-2-C" infused 
Hay, grain, and water 11:50-12:07 continuously into the jugular vein 
2nd sample 14:35 
Butyrate-XITI Ist sample 7:45 6816 594 Butyrate-1-C' infused continuously into 
Hay, grain, and water 12:15-12:45 the portal vein 
2nd sample 16:35 
AP-II Ist sample 7:40 1186 560 Acetate-1-C!’ and propionate-2-C" infused 
6.5 lb barley 11:00 continuously into the portal vein 


Hay at 13:00 
2nd sample 15:05 
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bution of the rumen fermentation to the carbon me- 
tabolism of the host. 


MATERIALS AND METHODS 


Animals. Three lactating Holstein cows were used. 
A rumen fistula was introduced several weeks before 
the experiment and closed with a removable rubber 
plug. The cows were fed alfalfa hay ad lib., and concen- 
trate in proportion to milk production. Only hay was 
fed during the night. The first daily grain feed was 
given about | hr before the isotope was administered. 
The protocol for each experiment is shown in Table 1. 

Each animal was maintained on the same feeding 
regimen for several days after the experiment, and on 
one of these days the rumen contents were removed 
and weighed at the same time of day the rumen had 
been sampled in the experiment. The dry matter was 
determined on a sample of the total mixed contents. 
For the butyrate-X and AP-I (Table 1) experiments, 
the total rumen contents were measured only for the 
preisotope sampling. 

Sampling. Two preisotope samples of rumen contents 
for fermentation rate measurements were obtained at 
the beginning of the experiment and two more (post- 
isotope) at the end. 

Samples were obtained by removing a handful of 
rumen contents, usually from the dorsal part for one 
and the ventral part for the duplicate, and adding a 
small quantity of rumen liquid to replace that draining 
off as the handful was brought out. The liquid was 
added in an amount estimated to give a liquid-solids 
ratio characteristic of the rumen. 

Each sample was mixed quickly with a teaspoon 
(not too successfully because of the long hay particles, 
low water content, and the need to avoid exposure to 
oxygen) and a portion of about 200 g set aside for use 
in Warburg manometric experiments. The rest, usually 
about 300 g, was quickly placed in a jar in a water 
bath at 40 C. Two subsamples were immediately re- 
moved from each sample. The air in the sample jar 
was displaced with carbon dioxide, the lid tightened, 
and the contents incubated. The .subsamples were 
placed in a weighed, stoppered, 50-ml Erlenmeyer flask 
containing 5 ml of 5 N sulfuric acid and shaken vigor- 
ously to mix the contents. The weight of the sample 
was determined and more sulfuric acid solution added 
until the milliliters of acid equaled the weight of the 
sample in grams. The concentration of volatile fatty 
acids in these zero-time subsamples was assumed to 
represent the concentration in the rumen. 

After 40 to 55 min of incubation of the rumen 
samples, two additional subsamples were removed 
from each and killed with acid. This subsampling was 
repeated twice again, after varying intervals, with the 
fourth no later than 3 hr after zero time. 

Effect of dilution. The effect of the solids content on 
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the concentration of acids in the diluted rumen samples 
was investigated. One volume of acidified rumen con- 
tents, containing 12% solids, was split into two equal 
parts, one of which was diluted to the original volume 
with 5 n sulfuric acid. After equilibration at room 
temperature the liquid was squeezed out and analyzed 
chromatographically for total volatile acid. Unless the 
solids constitute a dead space in which the volatile 
fatty acids are not distributed, the concentration of 
acid in the diluted sample should be half the concen- 
tration in the undiluted half. As Table 2 shows, the 
volatile fatty acid in the diluted material does not 
differ significantly from the amount expected if the 
entire sample were liquid. 

Chromatography. In the chromatographic separation 
of the acids, 2 ml of the acidified liquid were mixed 
with the cap material on top of a Wiseman-Irwin 
column (Wiseman and Irwin, 1957), the acids eluted 
with solvents, and titrated with alcoholic sodium hy- 
droxide. Butyric acid was eluted with 1% acetone in 
mixed hexanes,? propionic acid with 5% and acetic 
acid with first 10 and then 20% acetone. Each acidified 
subsample was usually analyzed in duplicate, but some- 
times only single analyses were made if the two sub- 
samples gave similar values. 

Rate measurements. The increment in volatile fatty 
acid concentration was plotted against time of incu- 
bation. The slope of the curves at zero time was as- 
sumed to represent the rate of production of the acid 
in the rumen (Carroll and Hungate, 1954). 

The rate of fermentation was also measured with the 
Warburg manometric technique as previously modified 
(Hungate et al., 1955). Quadruplicate 10-g subsamples 
of rumen contents were placed with 10 ml of inorganic 
salt solution (percentage composition: KH»PO,, 0.05; 
K:HPO,, 0.05; NaCl, 0.1; NHsCl, 0.05; MgSO,, 0.01; 
CaCl, 0.01; NaHCOs, 0.5) in Warburg vessels and the 
fermentation rate and total methane (alkali-insoluble 
zas) measured. The total acid and carbon dioxide pro- 
duced were calculated from the observed pressure 
changes in the experimental vessels and in the controls 
to which acid was added at the beginning of the run 

2 Standard Oil Company, mixed hexanes, dry flake, bp 65 
to 76 C. 


TABLE 2. Effect of dilution on volatile acid content 





Sample 1 Sample 2 
Dec. 2, 13.1% solids Jan. 3, 12.5% solids 


a b Avg a b Avg 


Acid yeq in 1 ml un- 
diluted half........) 214.2) 217.8) 216.0) 216.0) 218.4) 218.2 
Acid peq in 1 ml 
diluted half 
Theoretical peq in 1 
ml diluted half .. 108.0 109.1 


.| 106.8) 106.8) 106.8) 106.8) 107.4) 107.1 
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to stop fermentation and release carbon dioxide from 
residual bicarbonate. The methane volume was mea- 
sured after absorption of carbon dioxide with alkali. 

The dry matter in two 10-g subsamples of rumen 
contents was also determined and used in relating 
fermentation rate to dry matter. 

Radioactivity determinations. After rumen samples 
were obtained, the labeled tracers were administered, 
their fate in the animal being followed by the physiology 
group. Radioactivity of the acids was determined by 
spreading 0.4 mg of the sodium salt on a planchet and 
counting with a thin-window tube. 

RESULTS 

Individual analytical results are shown in Table 3 for 
the postisotope samples of AP-II, the experiment with 
the most precise analyses. The differences between 
duplicate analyses a and b of each subsample 1 and 2 
represent the analytical error in the chromatographic 
separation and titration of the acids. Individual values 
differ from the mean of duplicates by less than 3% 
and in most cases the difference is less. The differences 
between duplicate subsamples 1 and 2 represent the 
analytical error plus that in subsampling. The differ- 
ences between the values for A and B samples represent 
these same errors plus that in sampling the rumen 
contents. All three volatile acids were more abundant 
in the A sample at zero time than in the B sample, and 
these differences were still evident after 170 min of 
incubation. 

When average values for duplicate samples were 
taken, smooth curves resulted in the butyrate-XIII, 
AP-II, and AP-I preisotope experiments (Fig. 1). The 


TABLE 3. Volatile acid concentration in post-isotope sample 
of experiment AP-II* 


Sample A B 

Subsample 1 2 1 2 
Duplicate analyses. .. a b a | b 

0 hr 

Bbyric..............) 16.8 | 48.2 | 13.7 | 15.1} 13.1 14.2 
Propionic. ..........| 39.4 | 41.8 | 32.5 | 32.5 | 32.5 | 32.5 
Aoetac......... ....|186.0 |189.0 |149.5 (150.0 (153.0 | 152.0 
50 min 

Butyric sake.veng Mee deeded (MBS 190.4 | 48.2 | 20:0 
Propionic. ..........| 43.0 | 48.5 | 43.5 | 43.5 | 43.8 | 43.8 
ee 185.0 |195.0 |163.5 (162.0 1164.0 | 163.5 
115 min 

SO 22.2 | 26.8 | 22.2 | 21.5 | 20.5 | 22.2 
Propionic. ..... 54.5 | 57.0 | 53.8 | 52.3 | 52.5 | 52.5 
Acetic. Ly ..|196.5 |208.0 176.0 |174.0 |181.0 | 171.5 
170 min 

Butyric...... 27.4 | 28.2 | 23.4 | 24.4 | 24.0] 25.1 
Propionic... ...... 59.0 | 57.0 | 55.6 | 57.3 | 55.5 | 56.0 
Anew. ......... 212.0 |209.0 |180.0 |181.0 182.5 | 179.0 


* Figures are micromoles per ml rumen contents. 
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curves are of the shapes expected if the rate of fermen- 
tation in vitro is initially the same as that in the rumen, 
then decreases as substrate and bicarbonate are ex- 
hausted, and fermentation products accumulate. The 
slopes of the curves at zero time were graphically esti- 
mated (Adams and Hungate, 1950). 

In the butyrate-X experiment and in the _post- 
isotope samples of the AP-I experiment, oxygen was 
not completely excluded and the temperature was below 
40 C during the initial period of incubation. The fermen- 
tation did not show the typical curves obtained in the 
other experiments and the zero-time rate was not repre- 
sentative. In these cases the average rates are shown 
in the figure. 

To avoid confusion, in Fig. 1 the rates are shown 
(dotted lines) only for acetic acid. The rates for all 
the experiments are collected in Table 4. The concen- 
tration of each acid in the material as removed from 
the rumen, i.e., in the zero-time sample, is also shown. 
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FIG. 1. Rates of formation of organic acids determined in vitro 
on reconstituted rumen contents. 
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All values are the average of at least four determinations 
(only one analysis on each subsample) and usually 
eight (duplicate analyses). 

In the four postisotope experiments, the average rate 


TABLE 4. Concentration and rates of production of individual 
fatty acids calculated from in vitro incubation rates 


Preisotope Postisotope 


Experiment and acid 
. Rate of 
pro- | Concn 
duction | 


Rate of 
pro Conen 
duction 


Rate/ 
concn 


Rate 
concn 


moles moles 
ante umoles/g moles 


umoles/g 
ghr ghr 


Butyrate-X 


Butyric.... 5.7 | 18.1 | 0.38 | Sh | 2420") O15 

Propionic... 6.2 | 31.6 | 0.20 | 5.2 | 30.0 | 0.17 

Acetic... 13.0 |118.0 | 0.11 | 12.3 183.0 | 0.09 
Total.... 24.9 | 21.0 

AP-I 

Butyric. .. 9.2 | 18.1] 0.51 | 6.9 | 15.9 | 0.43 

Propionic. 5.8 | 17.6 | 0.338 | 3.2 | 17.0 | 0.19 

Acetic. 26.8 | 74.0 | 0.36 | 12.2 | 75.0 | 0.16 
Total.. 11.8 22.3 

Butyrate-XIII 

Butyrie... 5.0 | 17.5:| 0.29 | 5.5 | 138:0| 0.42 

Propionic... 6.0 | 17.0 | 0.385 | 5.5 | 12.0 | 0.46 

Acetic... 37.5 (116.0 | 0.32 | 41.0 |103.0 | 0.40 
Total... 18.5 52.0 

AP-IT 

Butyric.... 7.8*| 18.0 | 0.43 | 3.5 | 16.5 | 0.21 

Propionic. . 11.6 | 26.0 | 0.45 | 11.3 | 38.0 | 0.30 

Acetic..... 25.5 |155.0 | 0.17 | 11.3 [169.5 | 0.07 
Total... 44.9 26.1 

Average 

Butyric... 6.9 | 17.2 | 0.40 | 4.9 | 17.4 | 0.28 

Propionic 7.4 | 23.1 | 0.82 | 6.3 | 24.3 | 0.26 

Acetic. .. 25.7 |115.8 | 0.22 | 19.2 |120.0 | 0.16 
Total... 40.0 30.4 


* In the AP-II experiment, the preisotope data are based 
on only one rumen sample as the duplicate was lost. 


TABLE 5. Results of manometric measurements on rates 
of fermentation 


} 
| | 
| 


| Manometric results 
Rate of | 


axe Dry 
nie | matter | | 
Experiment duction | 12 19 8 |Avgrate| Percentages of products 


rumen | of acid | 


Table 4)|contents| produc- |- oa = 
tion Acid CO CH, 
i———| 
moles umole 
ee hr é | ghr 
Butyrate-X | | | 
Preisotope 24.9 | 1.345] 20.5 | 40.0 | 42.9 | 17.5 
Postisotope 21.0 | 1.352| 20.1 | 47.0 | 37.6 | 15.4 
AP-I | 
Preisotope 41.8 | 1.377] 18.4 | 43.5 | 35.1 | 21.4 
Postisotope 22.3 | 1.348) 23.6 | 49.4 | 32.8 | 17.8 
Butyrate-XIII 
Preisotope 48.5 | 1.680) 21.6 | 38.9 | 44.8 | 16.3 
Postisotope 52.0 | 1.270) 14.0 | 37.1 | 46.4 | 16.5 
AP-II 
Preisotope 44.9 | 1.663) 20.2 | 42.1 | 43.9 | 14.0 


Postisotope.. 26.1 | 1.785} 21.6 | 40.0 | 51.0 | 9.0 


of production of acetic acid per g rumen contents was 
25% below the preisotope rate, whereas the concen- 
tration of acetic acid was 4% greater. With propionic 
acid the corresponding values were: rate, 15% lower; 
concentration, 5% higher; and with butyrate: rate, 
29% lower; concentration, 1% higher. 

The concentration of an acid in the rumen is not a 
reliable index to its rate of production. Just before a 
ration is ingested the concentration of acid in the rumen 
is usually diminishing because more is absorbed than 
is produced. Soon after consumption of the ration, 
production of acid increases. When production exceeds 
absorption, the concentration increases. This increase 
continues until depletion of substrate reduces pro- 
duction below absorption, after which concentration 
falls to the prefeeding level. This simple cycle is 
complicated by changes in concentration due to salivary 
secretion and water intake. 

In three of the experiments the postisotope (pre- 
feeding) rate was lower than the preisotope (post- 
feeding) rate, but in the butyrate-XIII trial it was 
slightly higher. The results of the butyrate-X III experi- 
ment differed from the others also in showing a lower 
postisotope concentration of acid. These results suggest 
an irregularity in the feed consumption in this experi- 
ment. 

The rates of total acid production, from Table 4 and 
as estimated manometrically, are shown in Table 5. 
In most experiments the manometric rate was lower, 
but the difference is marked only in those experiments 
for which the zero-time rate was estimated. The lower 
rate in the manometric experiments might be due in 
small part to the delay of about 1 hr between collec- 
tion of the sample and measurement of pressure 
changes. 


TABLE6. Acid production rates from chromatographic analysis of 
Warburg vessel contents, butyrate-X experiment 


Propionic Acetic Total 


Butyric 
| umoles/g hr 
Preisotope. . . cach Gee 6.9 20.5 | 33.2 
Postisotope........... | 4.7 73 20.0 32.0 


TABLE 7. Rumen volumes and dry matter content 


| 
{Rumen contents} Dry matter 


Experiment 
kg % 

Butyrate-X 
1 hr after feeding....... 75.1 11.0 
AP-I 
1 hr after feeding.......... 73.7 15.2 
Butyrate-XTIT 
1 hr after feeding..... eee ee 65.9 15.1 
4 hr after feeding...... 56.6 
AP-II 
1 hr after feeding......... 81.5 18.3 
2 hr after feeding...... Bee ree 80.9 | 17.8 
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To test whether pressure changes measured ac- 
curately the amount of acid produced in the manometer 
vessels, the contents of one of each set of duplicate 
vessels in the butyrate-X experiment were removed 
without addition of alkali and analyzed chromato- 


TABLE 8. Rates of acid production in the whole rumen calculated 
from in vitro incubation rates* 


Preisotope sample Postisotope sample Ront for 
experi- 
ments 


Experiment and acid 


Wet basis | Dry basis | Wet basis | Dry basis 


pumoles/hr 


Butyrate-X}......| | | 


umcles/hr pumoles/hr 


Butyric. .. ..| 0.436 | 0.356 | 0.353 | 0.288 | 0.358 
Propionic ........| 0.518 | 0.424 | 0.550 | 0.448 | 0.485 
Acetic....... 1.54 | 1.26 | 1.50 1.23 1.38 
AP-It 
Butyric. ... 0.68 | 0.750 | 0.508 | 0.570 | 0.630 
Propionic 0.43 0.476 | 0.237 | 0.267 | 0.354 
Acetic..... 1.90 2.09 0.895 | 1.02 1.48 
Butyrate-X III 
Butyric..... .| 0.330 | 0.296 | 0.312 | 0.279 | 0.304 
Propionic... . 0.395 | 0.358 | 0.312 | 0.279 0.337 
Acetic...... 2.47 2.22 2.32 2.07 | 2.27 
AP-II | | 
Butyric.... 0.632 | 0.688 | 0.283 | 0.283 | 0.471 
Propionic . | 0.945 | 1.04 0.916 | 0.912 | 0.953 
MEDI ciao 2.07 | 2.26 0.916 | 0.912 | 1.54 
Average | 
Butyric. 0.514 | 0.523 | 0.364 | 0.355 | 0.439 
Propionic........| 0.572 | 0.575 | 0.504 | 0.477 | 0.532 
Acetic....... 1.995 | 1.96 | 1.408 | 1.308 | 1.670 
J 3.081 | 3.058 2.276 2.140 2.641 
an 


he rates of acid production for butyrate-X are based on 
the values from chromatographic analyses of the manometric 
vessel contents (Table 6). The others are based on the rates 
in Table 4. 

7 For samples on wet and dry basis. 

t The preisotope rumen volume and dry matter used to 
calculate the postisotope data. 


Count above background per min per 0.4 mg Na salt 


Experiment 


Acetic 

Butyrate-X 
Butyrate-2-C" into rumen: 

0 incubation 102 

137 min incubation. 82 (105)* 
AP-I 
Propionate-2-C™ in jugular: 

0 incubation. ; 6 

166 min incubation 5 (7) 
Butyrate-XITI 
Butyrate-1-C' into portal: 

0 incubation 2 
AP-II 
Propionate-2-C" in portal: 

0 incubation..... 0 
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graphically for acetic, propionic, and butyric acids. 
The differences between initial and final acid concentra- 
tions in the vessels were used to calculate the rate of 
production per g wet rumen contents per hr, with 
results as shown in Table 6. The increment of acid as 
determined by analysis of the vessel contents was 
greater than the increment calculated from the pres- 
sure change. This discrepancy is probably due (i) to 
inclusion of phosphate in the salt solution, reducing 
the liberation of CO, from bicarbonate, and (ii) to 
failure of the volatile fatty acids to liberate stoichio- 
metric quantities of CO, from bicarbonate, particularly 
under the acidic condition of the rumen contents in 
some experiments, disclosed by low levels of bicar- 
bonate. 

The rates in Table 6, from chromatographic analyses 
of manometric vessel contents, are also higher than the 
average rates for butyrate-X shown in Fig. 1. Since 
these latter rates were low due to poor incubation 
technique, the values from the analyses on the mano- 
metric vessel contents were regarded as a more accurate 
estimate of the butyrate-X rumen rates, although prob- 
ably still below the true rate. They were used to cal- 
culate production in the entire rumen. 

The weights of the rumen contents and the _per- 
centages of dry matter are shown in Table 7. The rate 
of production of each volatile acid was calculated 
from the rate per g wet weight of rumen contents and 
the total wet weight, also from the rate per g dry 
weight of rumen contents and the total dry weight. 
The values obtained and their averages are shown in 
Table 8. In most cases the rates calculated on wet and 
dry bases agree to within 10% of their average and 
the total averages are almost the same, showing that 
the average percentage dry matter of the experimental 
samples closely resembled that of the total rumen 
contents. This check was considered necessary because 


TABLE 9. Radioactivities of the rumen acids in the experiments 


Count above background per min per 10 wg atom C 


Propionic Butyric Acetic Propionic Butyric 
57 706 104 45 490 
26 (34) 524 (688) 107 27 478 
95 12 6 16 8 
59 (90) 5 (7) 7 72 5 
20 3 2 16 2 
11 6 0 9 4 


* The figures in parentheses correct the activities for the dilution by the unlabeled acids produced during incubation. 
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the rate of the rumen fermentation might correlate 
better with dry matter (substrate) than with total 
wet weight. 

The doses of tracers used in the experiments 
amounted to several millicuries, and measurable radio- 
activity was found in the rumen contents of the post- 
isotope samples of the butyrate-X and AP-I experi- 
ments (Table 9). 

Discussion 

Theoretically, in measuring the rumen fermentation, 
the zero-time rate should be more reliable than the 
manometric rate. Exposure to air and ambient tem- 
perature during the brief interval between removal of 
the sample and acidification of the zero-time subsample 
would not be expected to change the nature or speed of 
the fermentation. The decrease in rate as conditions 
deteriorate can be seen from the curve showing acid 
concentration as a function of time as in the butyrate- 
XIII and AP-II experiments (Fig. 1). A gradual de- 
crease in production rate with no marked aberrations 
indicates that the experimental procedure did not 
drastically influence the fermentation. Under these cir- 
cumstances the ‘ate can be assumed to 
represent the rate in the rumen. 

Failure in the manometric experiments to obtain 
stoichiometric release of carbon dioxide from bicar- 
bonate by the fermentation acids is a serious source of 
error. It explains in part the low values obtained in 
recent extensive measurements (Hungate et al., 1960). 
It can be avoided by including in each run a calibra- 
tion control vessel to measure the pressure change 
‘vaused by a known quantity of acetic, propionic, and 
butyric acids mixed in the proportions in which they 
are usually produced in the rumen. With this modifica- 
tion the manometric method should give rates more 
nearly like those in the rumen, although the unavoid- 
able delay before the first reading tends to make them 
lower than the corresponding zero-time rates. The 
manometric method is valuable because of its greater 
rapidity and because it measures production of methane 
and carbon dioxide, in addition to acid. 

For precise determinations of acid production or 


zero-time 


other rumen activities, the zero-time rate method is 
preferable; there is no delay bet ween sampling and the 
first measurement, and the conditions more closely 
resemble those of the rumen. 

The results of the present study indicate that it is 
practicable to measure the rate of production of in- 
dividual volatile fatty acids in a single animal at a 
particular time. The measurements disclose variation, 
particularly striking in experiment AP-II in which the 
rates for butyric and acetic acids decreased markedly 
between the two samplings, whereas production of 
propionic acid hardly changed (Table 4). The values 
for the duplicate A and B samples (Table 3) are so 
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alike that sampling and analytical error cannot account 
for the results. 

A decreased proportion of acetic and butyric acids 
should be accompanied by a decreased proportion of 
‘xarbon dioxide and hydrogen. In the fermentative 
splitting of sugar, for each 2 moles of acetic acid 1 
mole of methane and | mole of CO» should theoretically 
be formed: 


2 CHLAOHCHOHCHO + 2H2O — 2 CH;COOH + 2 CO: + 4 He, 


and, 
CO, o 4 He no CH, + 2 H:O 


Similarly, 1 mole of methane and 3 moles of CO. 
should be formed with each 2 moles of butyric acid: 


4 CHAOHCHOHCHO + 4 H.O — 4 CH;COOH + 4 CO.+ 8 H, 
4 CH;COOH — 2 CH;COCH2COOH + 2 H2O 

2 CH;COCH:COOH + 4 H: — 2 CH;CH,CH,COOH + 2 H:O 
4H. + CO.— CH, + 2 H20. 


Since propionate is more reduced than triose, its 
production will utilize hydrogen and thereby decrease 
the proportion of methane: 


CH:OHCHOHCHO + H2 — CH;CH»COOH + H:0O. 


In the preisotope sample of AP-II, the acetic and 
butyric acids constituted 74% of the acid produced 
(Table 4) and the methane was 14% of the total 
products (Table 5), both on a molar basis. In the post- 
isotope sample, the acetic and butyric acids were 57 % 
and the methane 9 %. This correlation between methane 
and acetic-butyric values supports the conclusion that 
the found values reflect real differences and not ex- 
perimental error. The marked increase in propionic 
acid concentration during the AP-II experiment con- 
firms its rapid production. 

The relatively high level of propionate production 
in the postisotope AP-II sample can be ascribed to a 
lactate fermentation of the 6.5 lb of barley fed at 
11:00, with propionate an important product of the 
further conversion. In some animals on barley rations 
the lactic fermentation is marked (Gutierrez et al., 
1959). 

If all the acids produced in the rumen are absorbed, 
the average absorption rate equals the average pro- 
duction rate, and the production values in columns 
4 and 7 of Table 4 can be regarded as rates of absorp- 
tion. Butyrie acid shows the highest specific absorption 
rate (an average per hr of 0.34 umole per umole con- 
centration), with propionic acid 0.29 and acetic acid 
0.19. For the experiments in which zero-time rates 
were calculated, the average specific absorption rates 
are butyric 0.37, propionic 0.38, and acetic 0.26. These 
values refer to the total concentration of the acid and 
its ion. The more rapid specific absorption rates of 
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butyric and propionic acids agree with earlier results 
on absorption of volatile fatty acids from the rumen 
(Danielli et al., 1945; Gray 1947; Pfander and Phillip- 
son, 1953). 

The expected fermentation CO, (including that re- 
duced to CH,) was calculated on the assumption that 
carbohydrate was fermented to give the amounts and 
proportions of acids shown in Table 8. Results are 
shown in Table 10. 

From the amount of available hydrogen the methane 
which could be formed according to the equation, 
4H, + CO. — CH, + 2H.0, was calculated for each 
experiment, giving the following ratios of fermenta- 
tion CO./CH,: butyrate-X 7.80, AP-I 1.83, butyrate- 
XIII 1.39, and AP-IT 2.24, or an average of 1.82. But 
in the manometric analyses the CO./CH, values were 


TABLE 10. Amounts of COz expected on stoichiometric bases 


Amount ; . - 
sae des i * . Theoretical | Theoretical 
Experiment and acid it available Hz| total COs 


moles/hr g atoms/hr moles/hr moles/hr 


Butyrate-X 


Butyric..... 0.358 1.432 0.716 0.716 

Propionic... 0.485 1.455 |—0.485 

Acetic. . 1.380 2.760 2.760 1.380 
5.647 2.991 2.096 

AP-I 

Butyric 0.630 2.520 1.260 1.260 

Propionic 0.354 1.062 |—0.354 

Acetic. 1.48 2.960 2.960 1.480 
6.542 3.866 2.740 

Butyrate-XIII 

Butyric... 0.304 1.216 0.608 0.608 

Propionic 0.337 1.011 |—0.337 

Acetic 2.270 4.540 4.540 2.270 
6.767 4.811 2.878 

AP-II 

Butyric..... 0.471 1.884 0.942 0.942 

Propionic. . 0.953 2.859 |—0.953 

Acetic. . 1.540 3.080 3.080 1.540 
7.823 3.069 2.482 


Gram atoms C/hr in the milk 
Gram atoms C/hr in respiratory CO, 

Total... . ivwar ck : 
Gram atoms C/hr in fermentation acids Rintes a 
Gram atoms C/hr in fermentation COs, calculated.... 


CO./CH, ratios are aes eee 
Gram atoms C/hr in CH, found in manometric experiments. . . . 
Percentage of C in milk and respiratory CO, accounted for by 

fermentation acid and COs.. ees bktsh pies dic 
Percentage of respiratory CO. accounted for by COs produced 

in the rumen...... 
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(from Table 5) 2.44, 1.74, 2.78, and 4.12, respectively, 
averaging 2.77. This latter value is closer to the ratio 
of 2.6 obtained in vitro by Krogh and Schmidt-Jensen 
(1920). 

The higher ratios observed in the manometric experi- 
ments and by other investigators can be ascribed to 
two factors, (i) the bodies of most microorganism are 
more reduced than carbohydrates, i.e., contain a 
greater proportion of hydrogen, diminishing the amount 
available for methane formation, and (ii) some of the 
substrates in the feed are uronic acids, more oxidized 
than carbohydrate and therefore containing less avail- 
able hydrogen. 

The total fermentation CO, (last column in Table 
10) was assumed to be reduced to CH, to an extent 
which would give the CO./CHy, ratios found in the 
manometric experiments. These calculated rates of 
CO. and CH, production are collected in the hori- 
zontal column of Table 11 labeled “g atom C/hr in 
CH, expected from Table 10 and the manometric 
CO2/CH, ratios.”” Also shown is the CH, production, 
calculated from the rates of formation per g of rumen 
contents in the manometric experiments (Table 5). 
The average amount of CH, produced per day, ac- 
cording to the manometric experiments, was 293 liters. 
This is probably a little low, due to delay in the meas- 
urements. The average value of 382 liters per day, 
from the theoretical amount of CO». and the mano- 
metric CO./CHy, ratio, may be somewhat high. In 
the experiments of Kleiber, Regan, and Mead (1945) 
with lactating cows the respiratory CO» averaged 6.03 
moles per hr and the CH, production was 324 liters per 
day. The respiratory CO, of the present experiments 
averaged 6.61 moles per hr which would correspond to 
355 liters of CH, per day, if the same ratio held. 

The values found by the physiology group for the 
respiratory carbon dioxide and the carbon in the milk 
produced during the experiments are shown in Table 11. 
The values for carbon supplied by the rumen fermenta- 


TABLE 11. Carbon balances for the experiments 


Butyrate-XIII 


Butyrate-X AP-I 

4.35 3.58 3.63 3.90 
6.20 6.76 8.00 5.46 

10.55 10.34 11.638 9.36 
5.65 6.54 6.77 7.83 
1.49 1.76 2.12 1.99 
7.14 8.30 8.89 9.82 
0.61 0.98 0.76 0.49 
0.58 0.65 0.48 0.47 

68 80 | *76 105 


24 26 23 36 
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tion are the amounts shown in Table 10 minus the 
expected CH,. 

It appears from an average of the values in Table 11 
that the rumen fermentation products account for 
82% of the carbon metabolism of the cows. The carbon 
dioxide produced directly in the rumen fermentation 
amounts to 27 % of the CO» respired by the cows. 

The rumen fermentation produces not only acids 
but also microbial cells which are digested by the 
host. According to Kohler (1940) as much as 8% of 
the substrate utilized by rumen bacteria is converted 
into cell material. This figure is quite reasonable in view 
of the finding of Bauchop and Elsden (1960) that the 
weight of Streptococcus faecalis cells may be as much as 
12.8% of the substrate fermented. If the microbial 
cells have a digestibility coefficient of 0.75 and a carbon 
content of 50%, their contribution to the host economy 
would be about 8% of the carbon assimilated and 
respired by the host. This value, when added to the 
82% accounted for by the fermentation acids and COs, 
gives 90% as the contribution of the rumen micro- 
organisms to the carbon requirement of the host. 

In the butyrate-X experiment the dilution of specific 
activity of the butyrate-2-C™ introduced directly into 
the rumen afforded independent means for checking 
the rate of production of butyrate. Production rates 
between 0.44 and 0.6 mole per hr were calculated from 
the isotopic data, the variation depending on the 
particular assumptions made regarding the origin of the 
activity in the various acids. These rates are higher 
than the value of 0.358 mole per hr from Table 8 but 
the difference does not significantly exceed the error 
involved in measuring the isotopic dilution. The isotope 
data confirm the order of magnitude found in the direct 
rate measurements of the rumen fermentation. 
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ABSTRACT 


OrtTENzIO, L. F. (U.S. Department of Agriculture, 
Washington, D. C.), C. D. Opatsky, anp L. 8S. Sruarr. 
Factors affecting the activity of phenolic disinfectants. 
Appl. Microbiol. 9:562-566. 1961.—Low challenge phe- 
nol coefficient and high challenge use-dilution tests 
were made on a neutral cocoanut oil soap emulsion 
of o-phenylphenol and aqueous solutions of sodium 
o-phenylphenate prepared in the laboratory from the 
phenol using a stoichiometric amount of NaOH as well 
as with increasing amounts of excess NaOH. The 
phenol had considerably greater activity in both test 
methods when emulsified with the neutral soap than 
when converted to the phenate and dissolved in water. 
Use dilution test results against Salmonella choleraesuis 
with both the phenol and the phenate were within the 
range which would have been predicted from the 
Salmonella typhosa coefficient results employing the 
conventional conversion multiple of 20 to determine 
the maximal number of parts of water to which one part 
of germicide could be added. With the emulsified 
phenol this was also true where Staphylococcus aureus 
was employed in both procedures. With the aqueous 
solution of the phenate the maximal safe use-dilution 
by the phenol coefficient found for S. aureus and the 
same conventional conversion procedure was roughly 
five times higher than the maximal safe use-dilution 
found by the use-dilution method. Results with aqueous 
solutions of the phenate to which increasing amounts 
of excess NaOH were added showed no significant 
differences in the phenol coefficient method with either 
S. typhosa or S. aureus. In the use-dilution method, 
significant decreases in activity were found as the 
excess NaOH was increased to 4% with both S. chol- 
eraesuis and S. aureus. Although the pH values of 
aqueous solutions of the phenate were raised as the 
amount of free NaOH was increased, the decreases in 
pH observed as the dilution with water was increased 
were such that only small differences existed at the 
high critical killing dilutions found in the low challenge 
phenol coefficient method, whereas rather large dif- 
ferences existed at the lower critical killing dilutions in 
the high challenge use-dilution method. 





Although the effects of alkali on the activities of 
phenolic germicides have been studied and discussed 


a 


bo 


by Schaffer and Tilley (1930), Ordal, Wilson, and Borg 
(1941), Klarmann (1957), and others, the magnitude 
of these effects in terms of practical disinfecting values 
is not fully appreciated. Most of the data available in 
the literature illustrating these effects have been com- 
piled in phenol coefficient, dilution tube low challenge 
type tests and experiments show that procedures of 
this type often fail to detect changes in activity which 
may be critical in practical applications proposed for 
such products. The AOAC (1960) use-dilution method, 
which is a relatively high challenge type test method 
providing results similar to those that can be expected 
in practical applications, has been found, fortunately, 
to provide a dependable index for detecting such 
changes. 

These studies were made to illustrate the differences 
which may be commonly encountered between phenol 
coefficient or dilution tube, low challenge test evalua- 
tions and use-dilution, high challenge test evaluations 
on phenolic germicides due to the alkali factor. For 
the illustration desired, the o-phenylphenol-sodium o0- 
phenylphenate-sodium hydroxide complex provides ade- 
quate data. The selection of this specific phenol- 
phenate-hydroxide complex should not be construed 
as an attempt to point out specific advantages or 
disadvantages over any other phenol-phenate-hydrox- 
ide complex in the preparation of disinfectants or as 
evidence that all other phenol-phenate-hydroxide com- 
plexes will behave in an identical manner. 


MATERIALS AND METHODS 

In the first study, direct comparisons were made 
between the phenol coefficient values against Salmonella 
typhosa and Staphylococcus aureus and the use-dilution 
test results against Salmonella choleraesuis and Staphy- 
lococcus aureus for o-phenylphenol as determined from 
tests on the sodium salt in the absence of any excess 
sodium hydroxide and from tests on a neutral cocoanut 
oil soap emulsion. 

A stock solution of the sodium salt was prepared by 
reacting 90.4 g of o-phenylphenol with 20.9 g of sodium 
hydroxide in distilled water and bringing the volume 
to 200 ml for a 50 % solution of sodium o-phenylphenate 
free of excess alkali. The weights deviated slightly from 
the stoichiometric amounts to compensate for im- 
purities in the chemicals. Each milliliter of this solu- 
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tion provided 0.5 g of the salt. This was employed for 
preparing all test solutions by distilled water dilution. 

A stock neutral soap emulsion of o-phenylphenol was 
prepared by dissolving 10 g of o-phenylphenol in 20 
ml of ethyl alcohol and sufficient amounts of a neutral 
liquid potassium soap of cocoanut oil preparation to 
provide 17.5 g of anhydrous soap, emulsified by vig- 
orous stirring and brought to a 100-ml volume with 
distilled water. Kach milliliter of this emulsion pro- 
vided 0.1 g of the phenol. This was employed for 
preparing all test solutions by distilled water solution. 
The results of the tests by the phenol coefficient pro- 
cedure and the use-dilution procedure are summarized 
in Table 1. 

The results in this table show a phenol coefficient 
of 44.4 against S. typhosa for the emulsified phenol as 
compared to 30.2 when the determination was made 
on the phenate. This represents approximately a 45 % 
increase in activity for the phenol over the phenate. 
With S. aureus the increase in activity in this test 
method from 20.9 to 34.6 is on the order of 65%. 
The maximal safe use dilutions as determined by the 
use-dilution method using S. choleraesuis conform very 
closely to the maximal safe use dilutions which might 
be calculated from the S. typhosa coefficient results 
using the factor of 20 as a multiple to determine the 
number of parts of water in which one part of the 
phenol could be incorporated to disinfect. The maximal 
safe use dilution found from the phenate with this 
organism in the use-dilution method was 1:600 as 
compared to a coefficient calculated dilution of 1:604. 
With the phenol the safe dilution found in the test 
was 1:800 as compared to 1:888 determined by the 
coefficient calculation. 

The results on the phenate with S. aureus by the 
use-dilution procedure are quite different from those 
found in the phenol coefficient method. They are also 
quite different from the results obtained with the 
neutral soap emulsified phenol in the use-dilution test. 
With the phenol-soap emulsion an effective dilution of 
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o-phenylphenol as calculated from determinations on 
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1:750 was found. This is approximately equivalent to 
the safe use dilution calculated from the S. aureus 
coefficient using the 20 conversion factor of 1:692. 
However, the safe use dilution of 1:85 as determined on 
the phenate by the use-dilution method is approxi- 
mately 16 that for the phenol in the use-dilution test 
and only 1s that which would be indicated by the 
phenol coefficient tests, with S. aureus using the con- 
version factor of 20. 

The use-dilution values listed in Table 1 were de- 
termined and confirmed by probit grid analyses of 
percentage kill results at three separate dilutions be- 
tween the no response and total response levels, a 
procedure which has been described by Ortenzio and 
Stuart (1961). Thirty or more tests were employed as a 
basis for determining the percentage kill figures at 
each dilution. The probit grid assay sheet is shown in 
Fig. 1. 

This figure illustrates clearly the wide differences in 
the magnitude of the responses obtained against S. 
aureus with o-phenylphenol in a neutral soap emulsion 
and with sodium o-phenylphenate. However, the magni- 
tude of the differences between the emulsified phenol 
and the phenate against S. choleraesuis is not nearly 
as great, although the slopes of the assay lines are 
distinctly different. These results indicate that killing 
by o-phenylphenol and sodium o0-phenylphenate is prob- 
ably the result of different modes of action and that 
sodium o-phenylphenate possesses what has been 
termed by Klarmann, Shternov and Gates (1934) as 
“quasi-specific” killing characteristics, insofar as dif- 
ferent species of bacteria are concerned, not shown by 
the parent substance, o-phenylphenol. 

In a second study, comparisons were made between 
the phenol coefficient values found against S. typhosa 
and S. aureus with sodium o-phenylphenate in the 
absence of any excess sodium hydroxide and in the 
presence of 1.0, 2.0, 3.0 and 4.0% added sodium 
hydroxide on the weight of the sodium o-phenylphenate. 
Use-dilution tests were made on the same solutions us- 
ing S. choleraesuis and S. aureus as the test organisms. 
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A stock 50% solution of sodium o-phenylphenate 
was prepared on a stoichiometrical basis as previously 
described and separated into five equal aliquots. No 
excess sodium hydroxide was added to the first aliquot, 
1.0% was added to the second, 2.0% to the third, 3.0% 
to the fourth, and 4.0% to the fifth. These five solutions 
were employed in preparing all distilled water dilutions 
necessary for the phenol coefficient and use-dilution 
tests. The results of this study are summarized in 
Table 2. 

These results show that within the limits of experi- 
mental error there are no differences in the phenol 
coefficient results with either S. typhesa or S. aureus 
with sodium o-phenylphenate in the absence or presence 
of excess sodium hydroxide up to 4.0%. The phenol 
coefficients found against S. aureus although some- 
what lower than those found with S. typhosa are high 
enough in all instances to indicate substantial value in 
practical disinfecting operations against this organism. 
The results obtained in the use-dilution tests are 
markedly different. With S. choleraesuis the maximal 
safe dilution for disinfecting was found to be 1:530 
for sodium o-phenylphenate in the absence of any 
excess sodium hydroxide. This dilution is almost iden- 
tical to the maximal safe use dilution of 1:532 indicated 
by the S. typhosa coefficient using the conversion 
multiple factor of 20. However, the maximal safe 
use dilution in the use-dilution method decreases sig- 
ficantly as the percentage of excess sodium hydroxide 
increases to 4.0% so that conversions of the S. typhosa 
phenol coefficient values using the constant multiple 
of 20 could not be expected to provide solutions effec- 
tive in disinfecting if 1.0, 2.0, 3.0, or 4.0% excess 
sodium hydroxide was present. In the presence of 


TABLE 2. Phenol coefficient and use-dilution results obtained with 
sodium o-phenylphenate in the absence and presence of 
varying amounts of excess sodium hydroxide 
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1.0% excess sodium hydroxide, the conversion factor 
of 20 would have to be reduced to 14, with 2.0% to 
10, with 3.0% to 9.4, and with 4.0% to 9.0. Thus, a 
decrease by more than 14 is shown in practical disin- 
fecting activity against gram negative enteric bacteria 
due to the presence of excess sodium hydroxide which 
goes undetected by the phenol coefficient testing 
method. 

In the absence of any excess sodium hydroxide the 
“quasi-specific” effect for bacterial species previously 
shown for sodium o-phenylphenate shows up clearly 
in the use-dilution method results. It is not apparent 
in tests by the phenol coefficient method. The maximal 
safe use dilution for sodium o-phenylphenate found for 
S. aureus in the use-dilution method falls far short of the 
dilution of 1:368 which would be indicated as a possible 
safe dilution using the S. aureus coefficient and the 
conversion multiple of 20. 

As the free sodium hydroxide is increased to 4.0%, 
the maximal safe use dilution for disinfecting against 
S. aureus decreases at a greater rate than was the 
case with S. choleraesuis. With 1.0% excess sodium 
hydroxide, the decrease is approximately 30%, with 
2.0% excess sodium hydroxide, 33%; with 3%, 60%; 
and with 4%, 70%. As with the gram-negative enteric 
bacteria, this decrease in practical disinfecting effi- 
ciency against gram-positive staphylococci due to free 
sodium hydroxide is not detected by phenol coefficient 
tests using S. aureus. 

The use-dilution data listed in Table 2 was derived 
by probit grid-dilution-percentage kill figure analyses 
using 30 or more carrier exposures at three dilutions 
between the no response and total response levels 
with all five preparations followed by confirmatory 
testing at the dilution indicated by the 99 % kill-dilution 
intercept or the 95% confidence limit end point. 

The probit assays for all five preparations and both 
test organisms are shown in Fig. 2. The assay lines in 
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FIG. 2. Probit grid assays of use-dilution data obtained with 
sodium o-phenylphenate in the absence of excess NaOH and with 
increasing amounts of excess NaOH. 
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this figure illustrate graphically the marked reductions 
in activity with both test organisms as the amount of 
excess sodium hydroxide is increased. With S. chol- 
eraesuis the most pronounced decreases are shown with 
1.0 and 2.0% excess sodium hydroxide. The further 
increases to 3.0 and 4.0% do not result in further de- 
creases in activity of equal magnitude. With S. aureus 
on the other hand the decreases in activity are more 
pronounced as the excess sodium hydroxide is in- 
creased from 2 to 3% and from 3 to 4%. 

In a third study, the pH values of the distilled water 
test dilutions made from the following five stock solu- 
tions were determined: sodium o-phenylphenate, so- 
dium o-phenylphenate plus 1.0%, 2.0%, 3.0%, and 
4.0% excess sodium hydroxide. It is believed that the 
decreasing pH values with dilution in each of these 
preparations accounts in part for the failure of the 
relatively low challenge phenol coefficient test to 
provide an index to the obvious practical deficiencies 
of sodium o-phenylphenate preparations in disinfecting 
against staphylococci and the inactivating effects of 
small amounts of free sodium hydroxide in practical 
disinfecting operations against both gram-negative en- 
teric bacteria and gram-positive cocci. The results of 
these determinations are shown in Fig. 3. 

In studying the results shown in this Fig. 3 it should 
be remembered that the effective 10-min killing dilu- 
tions in the low challenge phenol coefficient method 
range from approximately 1:1,000 to 1:2,500 con- 
sidering both test organisms. This represents a con- 
centration range of 0.1 to 0.04% sodium o-phenyl- 
phenate on the base scale. As compared to this the 
10-min killing dilution range in the relatively high 
challenge use-dilution procedures ranges from a dilu- 


tion of 1:530 to 1:240 or a concentration range of 


approximately 0.2 to 0.4% on the base scale with 
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FIG. 3. Decreases in pH with dilution of test solutions resulting 


in decreasing concentrations of sodium o-phenylphenate. 
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S. choleraesuis and a dilution of 1:75 to 1:22 or a 
concentration range of 1.33 to 4.54% with S. aureus. 

The pH of dilutions where the concentrations of 
sodium o-phenylphenate range is from 0.1 to 0.04% 
fall between 10.4 with sodium o-phenylphenate in the 
absence of excess alkali and 11.1 with sodium o-phenyl- 
phenate plus 4.0% excess alkali. This is substantially 
lower than the pH range of 10.9 to 11.55 covering the 
10-min killing dilutions with S. choleraesuis in the 
relatively high challenge use-dilution test where excess 
alkali showed measurable inactivating effects (dilu- 
tions 1:240 to 1:390). Also it is much lower and much 
narrower than the range of 10.98 to 11.88 and above 
covering the concentrations found necessary to kill 
S. aureus in the relatively high challenge use-dilution 
procedure. The drop in pH with simple distilled water 
dilution with sodium o-phenylphenate in the absence 
of excess alkali due to hydrolysis is on the order of 
0.7 pH. 

It should be noted that while the pH level of test 
dilutions of sodium o-phenylphenate are raised as the 
amount of free sodium hydroxide is increased dilution 
in distilled water tends to counteract this increase so 
that dilutions of none of the test solutions providing 
concentrations of 0.0625% sodium o-phenate or less, 
covering concentrations up to 4.0% of free sodium 
hydroxide had pH values higher than a 2.0% solution 
of sodium o-phenylphenate in the absence of excess 
alkali. Thus, it appears that in a low challenge type 
test where relatively high dilutions or low concentra- 
tions of germicide can kill the test organism the inac- 
tivating effects of the alkali ion can be obscured by 
dilution induced pH decreases; whereas, in a high 
challenge type test where relatively high concentra- 
tions or low dilutions of germicide are necessary to 
kill the test organism, the inactivating effect of the 
alkali ion will be clearly recorded. The curves in Fig. 3 
clearly suggest also that this inactivating effect could 
be expected to be more pronounced as the level of 
challenge is increased by such factors as increased test 
organism resistance, increased test organism and organic 
load, or increases in carrier surface to test solution 
volume. 

Discussion 

It should be acknowledged that in the interest of 
simplicity the factors of free alkali ions resulting from 
the hydrolysis of the neutral cocoanut oil soap, the 
specific activity of the neutral soap itself on the test 
organisms and the ratio of the neutral soap to o-phenyl- 
phenol have been ignored in these studies. They cannot, 
of course, be ignored by formulators of phenolic disin- 
fectants. The results presented do, it is believed, illus- 
trate the very wide differences in results which may be 
encountered with commercial products carrying phenol- 
phenate-alkali complexes. They also clearly point up 
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the failure of low challenge phenol coefficient testing as 
a measure of the deficiencies which may be encountered 
with such products in practical disinfecting operations. 
It should be emphasized that the percentages of excess 
sodium hydroxide referred to here were added to the 
experimental stock solutions on the basis of weight of 
the sodium o-phenylphenate present and represent very 
small amounts of excess alkali; well within the range 
which could be expected in technical grades of com- 
mercial phenates. 


CONCLUSIONS 

Phenol coefficient or low challenge dilution tube test- 
ing procedures may fail to detect activity deficiencies 
in disinfectants which contain phenol-phenate-alkali 
complexes such as o-phenylphenol-sodium o-phenyl- 
phenate-sodium hydroxide. Use-dilution or relatively 
high challenge testing procedures provide a reason- 
ably accurate measure of deficiences found in such 
systems insofar as test organism specificity and the in- 
activating effects of excess alkalinity are concerned. 

Evidence indicates that phenates may kill bacteria 
in a manner entirely different from the parent phenols 
and that this different mode of action may result in the 
demonstration of “‘quasi-specific” characteristics by 
the phenate not shown by the parent phenol. 

It seems apparent from the high challenge use- 
dilution test results with the phenate and increasing 
concentrations of excess sodium hydroxide that the 
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inactivating effect of excess alkali in phenolic type 
formulations can be expected to be more pronounced 
with gram positive cocci than with gram negative 
enteric bacteria. 

The failure of the phenol coefficient, tube dilution 
low challenge test to show practical deficiencies in 
phenate preparations due to the presence of excess 
alkalinity can be attributed largely to decreases in pH 
in the higher aqueous dilutions effective in such meth- 
ods. 
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ABSTRACT 


BatTeMAN, J. B. (U. 8. Army Chemical Corps, 
Frederick, Md.), Parricta A. McCarrrey, R. J. 
0’Connor, AND G. W. Monk. Relative humidity and 
the killing of bacteria. The survival of damp Serratia 
marcescens in air. Appl. Microbiol. 9:567—571. 1961.— 
The viability of washed moist cells of Serratia 
marcescens after storage has been measured in relation 
to variations in the prior treatment of the cells and in 
conditions of storage. The factors considered were: (i) 
water content during storage; (ii) method of arriving 
at water content (partial drying in vacuum or freeze- 
drying and addition of water); (iii) presence or absence 
of air during storage. 

Increasingly rapid decay occurs as the water content 
at which the cells are stored is diminished from above 
90% to 20 or 30% (“‘critical’’ water content). It occurs 
in presence or absence of air and it occurs whether the 
final water content is approached by removal of water 
from wet cells or by addition of water to freeze-dried 
cells. 

The rate of decay during storage at 20 to 30% water 
is somewhat diminished by the presence of air (‘‘pro- 
tective” effect of air). 

As the water content is further reduced to less than 
10%, the stability of cells stored in a vacuum ap- 
proaches that of wet cells. In presence of air the reverse 
is true: the stability decreases until at less than 1% 
water, the decay rate is about as great as at the “criti- 
cal’? water content (‘‘toxic”’ effect of air). 

Particularly rapid decay of S. marcescens at the 
“critical” water content has escaped attention in aerosol 
studies because accurate control of relative humidity 
(RH) in this region, RH 94 to 99%, is virtually im- 
possible in such studies. On the other hand, values of 
decay rates referred to measured water contents are 
quite unreliable in the 20 to 80% RH zone because the 
corresponding variation of water content is too small 
to measure reliably. Thus data of the kind reported in 
this paper cannot be directly compared to the published 
results of studies of air-borne bacteria, although they 
are relevant to the practical question of air-borne in- 
fection in humid atmospheres. 








When washed and freeze-dried Serratia marcescens 
is stored in water vapor in vacuum, there is a zone of 
relative humidity (RH), around 90 to 95%, within 
which the bacteria die quite rapidly (Monk and 
McCaffrey 1957). This paper describes similar experi- 
ments with freeze-dried cells moistened and exposed 
to air, and with damp cells stored in air without prior 
freeze-drying. 

Dunklin and Puck (1948) found that pneumococci 
sprayed from broth suspension rapidly lost viability 
at ambient 50% RH, whereas at greater or lower 
humidities they were relatively stable. Similar, although 
less pronounced, effects were found with Staphylococcus 
albus and group C Streptococcus hemolyticus. This strik- 
ing humidity dependence was eliminated when cells 
were sprayed from salt-free suspensions, and was at- 
tributed to the action of concentrated salt solution 
upon cells at a “critical” degree of dehydration; cells 
not containing the postulated ‘critical’ amount were 
presumed less sensitive to toxic agents. 

A qualitatively similar zone of rapid decay was 
discovered by different methods by Monk et al. (1956). 
These investigators freeze-dried thin layers of S. 
marcescens suspended in Naylor-Smith medium (Naylor 
and Smith, 1946) and added water either by injection or 
by equilibration at constant RH. The moistened cells 
were stored in vacuum and resuspended for assay of 
viability. The maximal attenuation occurred when the 
water content was about 50%, corresponding to an 
RH greater than 94%, in contrast to the ‘‘critical” 
50% RH value found by Dunklin and Puck for other 
microorganisms sprayed into air as a suspension in 
broth. With washed S. marcescens (Monk and Me- 
Caffrey, 1957), the “critical” zone was still evident, 
although the maximal death rate at 94% RH was 
about one-fifth of that in the presence of Naylor-Smith 
medium. To account for this behavior, Monk, Mce- 
Caffrey, and Davis (1957) postulated an unidentified 
intracellular substance, toxic in high concentrations up 
to the limit of its solubility in water, the equilibrium 
RH of the saturated solution being 94%. Thus the 
Dunklin-Puck postulate. of a substance of concen- 
tration-dependent. toxicity and limited solubility was 
retained in modified form, while their second postulate 
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of a “critical” or especially sensitive degree of cell 
dehydration was tacitly discarded. 

The poor survival of washed S. marcescens under the 
conditions of Monk and McCaffrey’s experiments, 
whether attributable to an intrinsic toxic factor or to 
an undefined “‘deleterious” physical-chemical condition 
of the cells, thus presents a contrast to the behavior of 
other types of microorganisms in Dunklin and Puck’s 
experiment with washed cells. The present experiments 
were done in an attempt to determine whether in 
presence of air washed S. marcescens would show the 
flat response to RH change characteristic of the cell 
types used by Dunklin and Puck. 


MATERIALS AND METHODS 

Cells of S. marcescens, strain 8UK, grown for 18 to 
24 hr in Bacto-tryptose broth! (26 g per liter) were 
used to inoculate Roux bottles containing tryptose 
agar (26 g per liter Bacto-tryptose broth + 20 g per 
liter agar). After 18 to 24 hr of growth at 31 C, the 
cells were harvested in distilled water, centrifuged, and 
resuspended in distilled water. The final viable cell 
concentration was about 2 X 10!! per ml. 

In experiments involving addition of water to freeze- 
dried cells and storage in air or in vacuum, 0.5-ml 
portions of washed stock suspensions were placed in 
one leg of each of eight inverted U-tubes of the type 
shown in Fig. 1 of Monk and McCaffrey (1957). They 
were shell frozen and dried for 1 hr. Air was admitted. 
The tubes containing the ice from the samples were 
removed and replaced by fresh tubes containing meas- 
ured amounts (0 to 100 ul) of ice. The system was 
again evacuated and the sample tubes cooled to —80 C. 
The ice sublimed rapidly to the sample tubes, which 
were then warmed to room temperature. After 15 min 
air was admitted to some sample tubes, whereas others 
remained under vacuum. One sample tube was detached 
immediately and the cells diluted with distilled water 
and plated; the remainder was left at room temper- 
ature for the desired storage period. One tube in each 
experiment was always reserved for determination of 
water content by drying to constant weight. 

In experiments on cells partially dried in air, 3 ml 
of a stock suspension of washed cells were placed in a 
round-bottomed flask, immersed in a water bath at 
25 C, attached to a Rinco? rotating laboratory evapo- 
rator. The evaporator was connected through a cold 
trap (Dry Ice and alcohol) to a three-way stopcock 
and a mechanical vacuum pump. After evaporation 
had continued for the desired length of time (2 to 30 
min, to obtain water contents between 10 and 90%), 
air was admitted. The flask was stoppered and weighed, 
and left at room temperature (24 to 26 C) until opened 
for assay of viability. 

1 Difco Laboratories, Inc., Detroit, Mich. 

2 Rinco Inst. Co., Greenville, Il. 


[VOL. 9 


All viable counts were the result of triplicate plating 
on nutrient agar following tenfold serial dilutions. 


RESULTS 


Viability of moist freeze-dried S. marcescens after 
storage for 1.5 hr in air or in vacuum. The results were 
analyzed in three stages: (i) The 15-min equilibration 
in vacuum resulted in substantial losses of viable count 
which varied with the final water content (Fig. 1). For 
water contents between 0.2 and 0.5 g per g wet cells, 
the viable counts were between 0.1 and 0.01 of the 
control; for water contents less than 0.2 and greater 
than 0.5, the relative counts were between 0.1 and 1.0, 
This statement is valid for all 23 experiments _per- 
formed. (ii) Taking the 15-min count in each experi- 
ment as the initial value No, the relative viable counts 
after 1.5 hr of storage in air decreased with decreasing 
water content as shown in Fig. 2.3 The values in the 
20 to 30% zone of water contents correspond roughly 
to first order decay constants of 1 to 3 hr~' compared 
to 4 to 5 hr found by Monk and McCaffrey (1957) 
for washed cells in vacuum. (iii) In Fig. 3 the 1.5-hr 
counts in air are expressed as fractions of those in 
vacuum. This method of presentation shows an effect 
of air in stabilizing the cells within the ‘‘critical’’ zone 
and toxicity for very dry cells. 

Rates of attenuation of dry and moist freeze-dried 8. 
marcescens during storage in air. The data were sepa- 
rated into two groups, one referring to freeze-dried cells 


Some of the data included in Fig. 2 have been presented 
briefly in different form by Mallett et al. (1959). 
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FIG. 1. Loss of viability of freeze-dried Serratia marcescens 
following addition of water and storage in vacuo. Abscissa: 
water content in grams water per g of moist sample. Ordinate: 
logarithm of viable count after 15-min equilibration period. Black 
horizontal bars represent the results of those experiments in 
which duplicate measurements of sample water content gave 
appreciably different results. 
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(4 to 13% H.O) and the other to freeze-dried cells to 
which water had been added by sublimation (20 to 
30%). The results (Fig. 4) are compared with the 
corresponding decay lines calculated from data of Monk 
and McCaffrey (1957) for cells in vacuum.‘ The average 
decay rates in air are not greatly different for the two 
ranges of water content, in contrast to those deter- 
mined in vacuum by Monk and McCaffrey. The toxic 
effect of air at the lower water contents is thus con- 
firmed. For the partially rehydrated cells of water 
content 20 to 30%, there is a somewhat lower decay 
rate than that found by Monk and McCaffrey, sug- 
gesting a certain degree of protection in presence of 
air, in agreement with the results already shown in 
Fig. 3 by direct comparison of viable counts in air and 
in vacuum. 

4 The comparison of the present data with those of Monk and 
McCaffrey is justified by the fact that our data and theirs were 
obtained in the same apparatus, by the same laboratory 
personnel using the same procedures, and with cells grown 
from the same seed stock. There is abundant evidence that 
no radical change took place in the properties of the stock 
culture between the two series of experiments. 
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FIG. 2. Loss of viability of freeze-dried Serratia marcescens 
following addition of water and storage for 1.5 hr in air. Abscissa: 
water content in grams water per g moist sample. Ordinate: 
logarithm of fractional viable count N/No where No is viable 
count after the 15-min equilibration period. 
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FIG. 3. Loss of viability of freeze-dried Serratia marcescens 
following addition of water and storage for 1.6 hr. Abscissa: 
water content in grams water per g moist sample. Ordinate: 
logarithm of relative viable count N,, the ratio of the viable 
count of cells stored in air to that of cells stored in vacuo. 
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Attenuation of S. marcescens exposed to air after partial 
drying in vacuum. Two sets of experiments were done, 
with storage periods close to 1 and 5 hr, respectively. 
The fractional recoveries are plotted against final water 
content in Fig. 5. The data for 5 hr of storage leave no 
doubt as to the relatively rapid decay at about 30% 
water. This is less evident for 1 hr of storage, partly 
because the loss factors are less than 10 and also be- 
‘ause a substantial part of the loss measured after 1 hr 
of storage may have occurred during the period of 
evaporation. A rough idea of the maximal decay rate 
‘an be obtained from the difference in recoveries be- 
tween | and 5 hr at 27% water; this gives a first order 
constant k of about 1.15 hr~!. Thus, there appears to 
be a definite water content zone of relatively rapid 
decay, even in cells which have never been freeze-dried, 
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FIG. 4. Death of freeze-dried washed Serratia marcescens in 
air. Abscissa: time of storage in air. Ordinate: negative logarithm 
of proportion of original cells surviving, N/No, where No is 
initial viable count. The circles on the left are for freeze-dried cells 
without added water, water contents 4 to 18%. Circles on the right 
are for freeze-dried cells plus sublimed water, water contents 20 
to 30%. Lines represent average decay rates observed by Monk and 
McCaffrey (1957) for freeze-dried cells stored in vacuo. 
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FIG. 5. Survival of Serratia marcescens partly dried by evacua- 
tion at room temperature and stored in air. Abscissa: water 
content, grams water per g moist cells. Ordinate: fractional viable 
count, logarithmic scale. Double circles represent values for 
cells stored in air for about 1 hr. Single circles are for cells stored 
in air for about 5 hr. 
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during storage in air; k is, however, lower than the 
value found by Monk and McCaffrey (1957) (~4 hr7) 
for freeze-dried cells in vacuum. 

At very low water contents, air again appears to be 
toxic. The 5-hr recoveries diminish sharply as the water 
content decreases from 7 to 0.2%. There is a poorly 
defined intermediate region, with water contents be- 
tween 10 and 20%, where no definite conclusions can 
be drawn. 


DIscussION 

A relatively rapid decay of washed S. marcescens of 
water content around 30% has been shown to occur 
whether the cells are stored in air or in vacuum, and 
whether or not they have previously been frozen or 
freeze-dried. The actual rates of decay within this 
“critical” zone of water content vary somewhat with 
experimental conditions; air seems to offer some degree 
of protection. 

At very low water contents (0.2 to 7%) a different 
phenomenon is observed. Here, survival is favored by 
storage in absence of air; air causes decay at a rate com- 
parable to that observed in the “‘critical’’ zone.® 

The phenomena described here seem to be different 
from those observed with other types of air-borne 
microorganisms by Dunklin and Puck (1948), with 
their uniformly low rate of decay over a wide humidity 
‘ange in absence of dissolved substances in the sus- 
pending medium. This is readily seen when the data 
are referred to a common variable, the equilibrium RH. 
Conversion from water content to RH can be made for 
washed S. marcescens by using the water sorption data 
of J. B. Bateman, C. L. Stevens, W. B. Mercer and 
Kk. L. Carstensen (personal communication, 1961). Ap- 
proximate decay constants k for S. marcescens de- 
hydrated at room temperature and exposed to air are 
plotted against RH in Fig. 6, together with values for 
air-borne type I pneumococci estimated roughly from 
Dunklin and Puck (1948). Comparison of Fig. 5 and 
Fig. 6 brings out the fact that the “critical” water 
phenomenon studied in the present experiments occurs 
within a narrow range of humidities between 90 and 
100% scarcely accessible in aerosol studies with suf- 
ficient discrimination to resolve any steeply humidity- 
dependent variation of decay rates. The data of Dunk- 
lin and Puck (1948), on the other hand, cover a broad 
range of RH (10 to 80%) corresponding to changes of 
water content (4 to 20%) so small that the measurement 
of dry weights becomes valueless for determining the 

effective RH even when the appropriate sorption iso- 
therm is available. It is thus understandable that our 
viable recovery data within this zone should be erratic, 

5 Additional experiments not reported here suggest that 
this toxic effect of air may be transient, being no longer ob- 
servable after about 5 hr of exposure. 
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suggesting only that there may be humidity-dependent 
effects here which defy resolution by the method em. 
ployed. It is in this zone, on the other hand, that 
aerosol studies with direct measurement of RH are 
most precise. In short, the “critical” water zone for §. 
marcescens occurs in a region of high humidity not 
readily controllable in aerosol studies, whereas Dunklin 
and Puck’s data for other microorganisms refer to their 
behavior within a zone of lower humidities for which 
no reliable data on S. marcescens are available, for the 
reasons just stated. 

In other studies of air-borne bacteria, S. marcescens 
(strain ATCC 274) sprayed from broth suspension, 
Kethley, Fincher, and Cown (1957) find a flat maxi- 
mum in the decay rate at RH 40 to 50%. The maximum 
was less pronounced when other cells of S. marcescens 
(strain unspecified) were sprayed from phosphate buffer, 
ionic strength 0.002, pH 5.8 to 6.4 (Ferry, Brown, and 
Damon, 1958), although the absolute rates were high 
(5 to 10 hr~'), suggesting a toxic effect of the inorganic 
ions. More recently, Dimmick (1959) has noted a sharp 
maximum in the rate of loss of viable S. marcescens in 
aerosol form when sprayed from phosphate buffer at 
RH 45 to 60%, the position and height of the maximum 
varying markedly with buffer concentration. According 
to Webb (1959) quite different RH effects are seen 
with cells grown in absence of NaCl and repeatedly 
washed in glass distilled water before spraying; the 
death rate follows a sigmoid curve with a rapid decrease 
between 60 and 70% RH. This interesting observation 
suggests that the confused picture obtained from the 
literature on the aerosol survival of cells as a function 
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FIG. 6. Attenuation rate ‘‘constants’? k in hr~ for bacteria, 
plotted as a function of equilibrium relative humidity ay (= 
RH/100). Curves a represent the data presented in Fig. 6 of this 
paper for damp Serratia marcescens stored in air. Curves b are 
based on values estimated from the results of Dunklin and Puck 
(1948, Fig. 2) for pneumococci sprayed into air from suspension 
in broth. Line c is for washed pneumococci sprayed into air 
(Dunklin and Puck, 1948, Fig. 6). 
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of RH may arise from failure to control sufficiently the 
chemical environment. Three contrasting states of the 
resting S. marcescens cell might be envisaged: one 
dominated by the presence of gross amounts of extra- 
cellular chemicals, giving rise to very large humidity- 
dependent effects; another, in partly washed cells, 
dominated by toxic substances of intracellular origin 
insoluble at RH values below about 90%; and a third, 
in cells which have been washed free of toxic intra- 
cellular substances and which exhibit the behavior de- 
scribed by Webb. 

The pronounced toxicity of air at very low humidities 
has not been noted in the literature on S. marcescens 
aerosols; the data of Kethley et al. (1957) extend only 
to 20% RH, whereas in those of Ferry et al. (1958) the 
effect may be masked by the toxicity of the phosphate 
medium. The conclusion of Wells and Zappasodi (1942) 
that considerable dehydration is unfavorable for the 
survival of group C 6-streptococci depends upon their 
unwarranted assumption that the effects of very low 
concentrations (0.05 to 0.3 mg per liter) of propylene 
glycol are due to a “‘dehydrating” effect. 

The probable existence of zones of instability which 
cannot readily be demonstrated in conventional aerosol 
studies shows the need for new techniques. At ex- 
tremely high humidities, small but decisive changes are 
accompanied by evaporation or condensation of large 
amounts of water existing in and around the cell in the 
form of an aqueous solution whose concentration is 
very sensitive to small changes of RH. Under these 
circumstances, it is necessary either to measure water 
content or to develop refined methods for temperature 
and RH control. This requirement almost prohibits the 
use of gross aerosols and leads to the consideration of 
simulated or semimicroscopic aerosols. At humidities 
below about 80%, humidity control is the method of 
choice, whether true or simulated aerosols are used; 
this is the region of water sorption, in which a given 
change of RH brings about a change of water content, 
too small to be measured with precision. 
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ABSTRACT 


ANTONIDES, H. J. (Armour Pharmaceutical Com- 
pany, Kankakee, Ill.), anp W. 8. Tanner. Algicidal 
and sanitizing properties of Armazide. Appl. Microbiol. 
9:572-580. 1961.—Algicidal and sanitizing properties 
of Armazide, a new swimming pool additive, consisting 
of 12% w/v each of dodecylamine hydrochloride, tri- 
methyl alkyl ammonium chloride, and methyl alkyl 
dipolyoxypropylene ammonium methyl] sulfate in so- 
lution, were evaluated by laboratory techniques against 
algae and sewage. Results indicated it to be highly 
effective in low concentrations especially in conjunction 
with low concentrations of chlorine. Swimming pool 
field tests were found to confirm the laboratory findings. 
Various treatment levels and methods are described 
for swimming pools using treatments based upon the 
actual condition of the pool and water. The use of the 
product permitted a reduction in chlorine residual in 
pools resulting in greatly reduced requirements for 
chlorinating chemicals along with absence of irritation, 
odor, and other undesirable results usually associated 
with standard pool chlorination methods. 





Within recent years there has occurred a tremendous 
increase in the construction and use of swimming pools; 
especially in the number of residential pools which are 
estimated by Swimming Pool Age (1961) to be 211,800 
of a total of 310,700 pools in the United States. Similar 
increases have also occurred in the number of semipublic 
and public pools. It has become increasingly necessary 
that more effective materials and methods for the con- 
trol of algae and other organisms in swimming pools 
based upon adequate laboratory and field testing be 
provided to pool owners. 

Various chemicals or products toxic to algae have 
been described and some have been used for the control 
of algae in swimming pools (McIntyre, 1949; Bowser, 
1951; Fitzgerald, Gerloff, and Skoog, 1952; Williams, 
Groniger, and Albritton, 1952; Foter, Palmer, and 
Maloney, 1953; Fitzgerald and Skoog, 1954; Palmer 
and Maloney, 1955; Maloney and Palmer, 1956; Rohm 
and Haas Company, 1956; Andrey and Mirimanoff, 
1957; Zehnder and Hughes, 1958; Maloney, 1958). 

The study by Fitzgerald (1959) upon commercial 

1 Armour Pharmaceutical Company, Kankakee, IIl., trade- 
mark for pool algicide and sanitizer. 
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algicides provides a convenient laboratory method for 
the testing or comparison of algicidal and bactericidal 
properties of swimming pool additives. The present 
studies were undertaken to ascertain the effectiveness 
of Armazide, a new pool algicide and sanitizer, in 
killing and controlling algae and other organisms of 
concern in swimming pool maintenance. This com- 
mercial product consists of 12% w/v each of dodecyl- 
amine hydrochloride, trimethyl alkyl ammonium 
chloride, and methyl alkyl dipolyoxyproplyene am- 
monium methyl sulfate in the form of a solution, and is 
referred to hereafter as DTM. 

Because of potential reduction of activity due to 
water hardness (Ridenour and Armbruster, 1948; 
Butterfield, Wattie, and Chambers, 1950; Humphreys 
and Johns, 1953; Chambers et al., 1955; Cousins and 
Clegg, 1956) tests were performed to evaluate the 
algicidal and bactericidal properties in standard media 
and in media with 200 ppm added hardness. Field tests 
were conducted to determine effective treatment levels 
and methods in swimming pools presenting the range 
of conditions frequently encountered. 


MATERIALS AND METHODS 


Algicidal activity. Two series of algicidal tests were 
performed by methods derived from those of Fitzgerald 
(1959). In each series of tests, the algicidal activity was 
tested against algae in the medium described by Allen 
(1952) and in Allen’s medium to which had been added 
200 ppm hardness (AOAC, 1960). Cultures of Chlorella 
pyrenoidosa, a green alga producing a “‘pea-soup green” 
water, and Phormidium retzii, a blue-green alga pro- 
ducing growths on the walls and bottoms of pools, 
were grown in Allen’s medium. 

The first series of tests were performed as follows: 
(i) placing 50 ml of the appropriate cultures in 125-ml 
Erlenmeyer flasks (Chlorella culture containing 500,000 
cells per ml and Phormidium culture containing three 
barely visible clumps per flask); (ii) adding the ap- 
propriate concentration of the DTM; (iii) culturing 
the algae under 150 ft-c continuous light at approxi- 
mately 22 C; (iv) making visual observations for 
presence or absence of algae growth in the treated 
cultures for a period of 3 weeks; (v) preparing sub- 
cultures to untreated media from negative cultures at 
the end of 1 week; (vi) observing subcultures after | 
week of incubation for viable algae. DTM, at 4.5, 2.25, 
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and 1.125 ppm active ingredients or dilutions of 1:80,- 
000; 1: 160,000, and 1:320,000, respectively, was tested. 
Untreated controls and standard positive controls of 1.0 
ppm chlorine, provided by sodium hypochlorite, were 
observed. 

The second series of tests were performed as follows: 
(i) placing 80 ml of the cultures in 125-ml Erlenmeyer 
flask (the Chlorella culture was centrifuged to provide 
7.5 million cells per ml); (ii) adding the appropriate 
concentrations of the DTM or chlorine; (iii) culturing 
the algae under 150 ft-c continuous light at approxi- 
mately 22 C; (iv) preparing film transparencies for 
comparison of the growth or kill of algae at 24-hr 
intervals for a period of 2 weeks, scoring growth from 
0 as nil to 10 as maximum; (v) preparing subcultures 
at the end of 2 weeks; (vi) observing the subcultures 
after 1 week of incubation for viable algae. DTM at 
4.5, 2.25, and 1.125 ppm active ingredients was tested. 
Chlorine concentrations of 1.0, 0.5, and 0.25 ppm, 
provided by sodium hypochlorite, were tested. Combi- 
nations of each of the concentrations of DTM with each 
of the concentrations of chlorine were tested. Untreated 
controls of the cultures were observed. 

Bactericidal activity. Fitzgerald (1959), in his evalu- 
ation of swimming pool bactericides and algicides, intro- 
duced a test method based upon bactericidal activity 
against a mixed bacteria population as found in settled 
sewage. Settled sewage probably contains most of the 
organisms found in swimming pools under the poorest 
maintenance conditions and provides a flora of both 
pathogenic and nonpathogenic organisms. The method 
was modified to include determination of the kill at 
various contact time intervals from 10 through 120 
min. Tests were conducted in buffered distilled water 
(APHA, 1960) and also with 200 ppm added hardness 
(AOAC, 1960). Tests were performed in both soft and 
hard waters at levels of 10,000 and 20,000 organisms 
per ml as provided by settled sewage. 

The bactericidal tests were performed by: (i) placing 
100 ml of sterile soft or hard water in a sterile dilution 
bottle; (ii) adding the suspension of settled sewage 
organisms to each bottle to provide approximately 
10,000 or 20,000 organisms per ml; (iii) adding the 
appropriate concentrations of the DTM and chlorine; 
(iv) after contact for periods of 10, 20,30,60, and 120 min, 
remove aliquots for standard plate counts (APHA, 
1960). 

In one series of tests, DTM, at 4.5, 2.25, and 1.125 
ppm active ingredients, was tested using 1.0 ppm 
chlorine as a positive control. In a second series of 
tests, DTM, at the same dilutions and chlorine at 1.0, 
0.5, and 0.25 ppm, provided by sodium hypochlorite, 
were tested individually and in combinations of the 
various DTM and chlorine concentrations. Results were 
expressed as percentage reduction of organisms. Tests 
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were performed in duplicate and expressed as the mean 
of the determinations. 

Field testing. Exploratory field tests were conducted 
in Kankakee County, Ill., to determine effective levels 
and treatments using DTM as an algicide and sanitizer 
in swimming pools. As a result, treatment methods 
were devised for a 2-week field test in Dade County, 
Fla. Twenty pools were selected and classified into 
groups upon the basis of their prior normal conditions 
as determined from pool service records according to 
the following: (i) for clear water of infrequent algae 
growth; (ii) for water with moderate algae or frequent 
moderate algae growth; (iii) for water with heavy algae 
or frequent heavy algae growth. Ten pools classified as 
clear water or infrequent algae growth were divided 
into two groups of five pools each, designated as groups 
A, and Ag. Five pools classified as water with moderate 
algae or frequent moderate algae growth were des- 
ignated as group B. Five pools classified as water with 
heavy algae or frequent heavy algae growth were 
designated as group C. 

The following treatments were used: 

Group A: Initially, 4 oz of DTM per 
(1:320,000 dilution providing 1.125 ppm active in- 
gredients) with 0.2 ppm chlorine residual; thereafter, 
1 oz of DTM per 10,000 gal three times a week while 
maintaining 0.1 to 0.3 ppm chlorine residual. 

Group A:: Initially, 8 oz of DTM per 10,000 gal 
(1:160,000 dilution providing 2.25 ppm active in- 
gredients); thereafter, 2 oz of DTM per 10,000 gal 
three times a week. 

Group B: Initially, 8 oz of Armazide per 10,000 gal 
with 0.2 ppm chlorine residual; thereafter, 2 0z of DTM 
per 10,000 gal three times a week while maintaining 
0.1 to 0.3 ppm chlorine residual. 

Group C: Initially, 8 oz of DTM per 10,000 gal 
with 1.0 ppm chlorine residual; thereafter, 2 oz of 
DTM three times a week while maintaining 0.1 to 
0.3 ppm chlorine residual. 

Following the initial treatment the supplementary 
treatments were made on alternate days or three times 
a week. At each time observations were made for pH, 
temperature, chlorine residual, physical appearance 


10,000 gal 


of water and pool, and presence or absence of algae. 
A water sample was obtained from two pools of each 
group before the initial treatment, at the end of 1 
week, and at the end of 2 weeks for bacteriological 
analysis. 

An aqueous 10% sodium hypochlorite solution, a 
commercial product used for swimming pool treat- 
ment, was used in such quantity as necessary to 
provide the previously indicated chlorine residuals. 
Sulfamic acid or sodium bisulfate was used to reduce 
the pH when necessary. The pH was maintained in the 
range of 7.2 to 7.6 except for those pools in which it 
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was not possible to produce a pH less than 7.8 due to the 
reaction of the concrete, water, etc. 


RESULTS 

Algicidal activity. Results of the first series of tests 
using DTM at 4.5, 2.25, and 1.125 ppm active in- 
gredients, in comparison to chlorine at 1.0 ppm, are 
provided in Table 1. Activity was evident at 4.5 ppm 
against both algae in Allen’s medium with and without 
200 ppm added hardness. At 2.25 ppm, the activity 
was greater in the hard medium, whereas, at 1.125 
ppm, activity was not evident in either medium. 
Chlorella appeared to be somewhat more resistant to 
DTM than did Phormidium under the conditions of 
this test. 


Results of the second series of tests, using DTM 


at 4.5, 2.25, and 1.125 ppm active ingredients and 
TABLE 1. Algicidal and algistatic activity of DTM 
(Armazide) 
| | Chlorella pyrenoidosa Phormidium retzii 
. . j . ain iat " 
Concn Media | Sub- | Sub- 
1 wk | 2 wk | 3 wk} cul- | 1 wk | 2 wk} 3 wk| cul- 
| ture | ture 
4.5 ppm active | Soft | —*} -—|-—|-—|-|]-—|]-]|-—- 
| Hard) —-|} —-]-—|-|]-|]-|]-|- 
2.25 ppm active | Soft; +/+/+/+/—-—|+/+ {+ 
| Hard) —-|+/+/4+/-/|/-|-|/]- 
1.125 ppm active | Soft | +/+/+/+;)+;/)4+/4+)/+4+ 
Hard +) +/)/+/+/)/+/4+/4+/+ 
1.0 ppm chlorine | Soft | — | — | —| —|} -—-|-—|]-j|-— 
Mand) — |] —|—-—|}-—|-|-|-|- 
Untreated control] Soft | +/+/)+/)4+/4+j/4+/+/+4+ 
Herd) +i +) +i t+) +/+) 4+)+ 


«+ Denotes growth, — denotes no growth, and + denotes 
questionable growth. 
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DTM ppm.... Untreated 4.5 
Chlorine ppm... . control | 1.0 
Allen’s medium (no added hardness) 
SR Ee y so la kicked 4a 0 
BRNO sa eons sicios es sani eee eae 4 0 
NS ee eee ete cate 6 0 
Scgays:....... 10 0 
PRM on okcs neue enks 10 1 
EINER Ore E Ry acdc ws sles + - 
Allen’s medium + 200 ppm hardness 
0S A ae ne 4 | 0 
Me Co at Me SS os Gckwle ss Sx 2 0 
DERE Ss ate cn ke les Se 3 0 
1S ee ee eee 4 0 
PNR cars od saws aos sae 8 0 
ES NIE oe oe ct ans Sx 6b ao _ 
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chlorine at 1.0, 0.5, and 0.25 ppm, individually and jn 
combination, are provided in Table 2. Results of the 
second series are in agreement with the first series for 
the materials as previously described. Combination of 
low levels of DTM with chlorine demonstrated greater 
activity against Chlorella than either material individ. 
ually at higher concentrations. The combination of 
2.25 ppm active ingredients of DTM with 1.0 ppm 
chlorine has an activity against Chlorella greater than 
the same concentrations individually. The same ob- 
servation also applies to the combination of 2.25 ppm 
active ingredients of DTM with 0.5 ppm chlorine to 
perhaps an even greater degree. Such activity is pre- 
sumably additive if not synergistic and suggests the 
desirability of combination treatments for control of 
algae. 

Bactericidal activity. Results of the first series of 
tests, using DTM at 4.5, 2.25, and 1.125 ppm active 
ingredients in comparison to chlorine at 1.0 ppm, are 
provided in Table 3. The curve for the reduction of 
sewage organisms as derived from data in Table 3 
indicates that 4.5 and 2.25 ppm active ingredients 
DTM are comparable to 1.0 ppm chlorine, whereas 
the lowest DTM level (1.125 ppm) was less effective. 
Increased water hardness had minimal effect upon 
bactericidal activity of the higher DTM levels and 
the chlorine, whereas the lowest DTM level was much 
less effective against the organisms. 

Results of the second series of tests, using DTM 
at 4.5, 2.25, and 1.125 ppm active ingredients alone 
and chlorine at 1.0, 0.5, and 0.25 ppm individually and 
in combination, are provided in Table 4. Results of 
the second series is in agreement with the first series 
for the materials as proviously described. Combinations 
of low levels of DTM with chlorine demonstrated 


TABLE 2. Algicidal activity of DI!'M (Armazide) and chlorine 





4.5 | 4.5 | 2.25 | 2.25 | 2.25 1.125] 1.125 | 1.125 4.5 | 2.25 | 1.125} 0 0 0 
0.5 0.25) 1.0 0.5 | 0.25 | 1.0 0.5 | 0.25 0 ) 10 1.0 | 0.5 | 0.25 
Si 2 DB) OT Ot Ot 21.41 31 31 21 tis 
0; 0} O] 1] 2] O} 4] 4] 1] 2] 4] 1] 4] 4 
0; 0} 0] O| 2] O| 4] 4] Of] 1] 5] O} 5] 5 
0; 0} O] 1{ 5] O}| 7} 7] O| 6] 4] 0} 9] 9 
0; 0} 1] 6|-9} 4] 9] 9} 0} 9] 10] 4] 10} 10 
ol eel ite oe ite A oi te oe 
0; Oj O| 1] 1] 2] 2] 2] Of 1] 1] 1] 171 
0| o| of of of 1] 1) 1] of of 1] a] 1] 1 
0; 0] 0} O}' 0; O} 1] 1] OF] OF} OF} OF 2] 2 
0; 0} 0] OO] O}| O}| 1] 1] Of Of 1] OF 8] 4 
0; 0} 0; O| O} O| 1] 1] Of OF 1) 1] 4] 4 
en ee re eee ee ae Ee ee 








* Rated on scale using 0 as nil algae to 10 as maximal growth, initial algae concentration of 7.5 millions cells per ml equivalent 


to value of 3. 
’+ Denotes growth and — denotes no growth. 
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greater activity against sewage organisms than either 
material individually at higher concentrations. DTM 
at the various levels tested appeared to be comparable 
to 0.5 ppm chlorine, which is the chlorine level usually 
recommended for swimming pools. Combinations of 
9.25 ppm and 1.125 ppm DTM with 0.2 ppm chlorine 
appeared to be comparable or perhaps superior to 0.5 
ppm chlorine. 

Field testing. The swimming pool field tests in Florida 
were conducted in residential pools of 20,000- to 35,000- 
gal capacity. The pools were of either Gunite or painted 
concrete block construction and equipped with sand 
and gravel pressure filters in most instances. During 
the test the air temperatures ranged from a low of 75 F 
to a high of 90 F with an average low and high of 76 
F and 88 F. The sun shown the greater portion of all 
except 2 days during the test; showers or heavy rains 
occurred either daily or nightly. The weather condi- 
tions were such as to be most favorable to the continual 
contamination of pools by algae, and for the rapid 
growth and multiplication of algae. 

The daily observations and the treatments given to 
the pools are described in Table 5 for representative 
pools of groups Ai, As, B, and C, showing the effect 
upon the two general types of algae encountered. The 


TABLE 3. Percentage reduction of sewage organisms by 
DTM (Armazide) at varying contact times 


—_— | | 





DTM 
} Chlo- 
ee a 
€4s..1 23 | £43 ppm 
| ppm | ppm ppm 
22,300/ml2 
Distilled water 
OD SE ee ee ee | 92.4 | 88.4 | 53.2 | 95.6 
20 min.... sanecwss) See OBS ) Ghul. 1) See? 
30 min... -ssesss.| 99.1 | 96.9 | 70.8 | 99.8 
60 min. : ....| 99.2 | 99.4 | 91.2 | 99.8 
et oo = sted vet | 99.4 | 99.4 | 92.1 | 99.9 
Hard water? 
10 min.... er | 90.1 | 86.6 | 25.9 | 95.8 
1S 27 Se ea RP t 95.6 | 90.7 | 30.6 | 99.1 
SN EE a or | 98.2 | 95.7 | 39.8 | 99.9 
60 min..... -o cesses} 99.2 | 98.1 | 49.1 | 99.9 
SSR rarer arn eee | 99.3 | 99.4 | 75.9 | 99.8 
11,500/ml¢ 
Distilled water P 
NE ee cap euksmaed 94.5 | 88.1 | 45.4 | 97.2 
20 min..... -...s.+.| 98.5 | 94.5 | 50.0 | 98.0 
NER Oe eee ..| 99.2 | 97.7 | 71.8 | 99.1 
60 min... onesies 99.6 | 99.5 | 91.8 | 99.4 
120 min.... Tree | 99.7 | 99.6 | 93.5 | 99.6 
Hard water? | | | 
10 min... ......| 93.2 | 86.3 | 27.3 | 96.8 
20 min.... caw weal OE Bo) Oles | 31-8 1 9824 
30 min... eres 98.5 | 96.4 | 47.3 | 99.2 
BINED sth. c, cnc cadsurces es 99.0 | 98.4 | 53.6 | 99.5 
RUT ss 3 atk cha ctere an sie 99.1 | 99.5 | 72.8 | 99.6 


“ Standard plate count. 
» Added hardness, 200 ppm. 





surface temperatures of the water in the pools, without 
the pool heaters in operation, ranged between 26 C 
and 29 C. The pH tended to remain somewhat higher 
than 7.6 in the majority of the pools, despite efforts 
to reduce the pH to 7.2 to 7.6. The water supply had a 
pH of 8.0 to 8.2, with a hardness of about 8 gr (ap- 
proximately 137 ppm). Both plankton algae similar to 
C. pyrenoidosa and black algae similar to P. retzii were 
encountered in the field testing. The representative 
pools shown in Table 5 include pools containing these 
types of algae in varying degrees. The algae appear to 
be controlled to prevent their growth in groups A; and 
Ao, in which the algae were not apparent or very slight 
growth at the beginning of the test. These pools were 
previously categorized as having infrequent algae 
growth normally. The algae appear to have been de- 
stroyed in groups B and C in which the algae were 
present at the beginning of the test. These pools were 
previously categorized as having frequent moderate or 
heavy algae growth normally. Regrowth of the algae 
was prevented for the duration of the test. After DTM 
treatment, black algal clusters similar to P. retzti 
readily peeled from the pool walls or bottom. Subsequent 
observations over a prolonged period during which the 
treatments were continued showed the absence of 
regrowth of any form of algae. 

The results of the weekly bacteriological analysis of 
the water samples from the pools showed the water to 
be potable. The coliform bacteria were controlled in the 
pools to maintain a negative count. Bacteriological 
conditions met the requirements for public swimming 
pools in Florida. The total bacterial count was less in 
groups B and C, which were maintained at 0.1 to 0.3 
chlorine residual with 2.25 ppm (1:160,000 dilution) 
DTM than groups A; and A». Group Aj, maintained 
at 1.125 ppm (1:320,000 dilution) DTM with 0.1 to 
0.3 ppm chlorine residual, was equivalent to group A» 
maintained at 2.25 ppm (1:160,000 dilution) DTM 
without chlorine. 

The average weekly consumption or requirement of 
sodium hypochlorite, before the test, as determined 
from the pool service records, and during the test, are 
given in Table 6. The reduction of the chlorine residual 
to 0.1 to 0.3 ppm and treatment of the pools on alter- 
nate days, or three times a week, rather than daily, 
markedly reduced the chlorine consumption. DTM did 
not have a marked effect on the pH. No incidents of 
irritation or adverse effects upon the eyes, mucous 
membranes, or skin of swimmers were observed. No 
other toxic effects were observed. The treatments used 
permitted the use of the pool by swimmers immediately 
following treatment. Chlorine odor was reduced to a 
virtually undetectable level. Irritation to eyes and 
skin, frequently encountered with chlorine treatment, 
was absent. Some unobjectionable odor was produced 
at the time the DTM treatment was made; however, 
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the odor disappeared as the DTM dispersed in the 
water. The desirable light refraction or brilliance and 
sparkle in the water was obtained when cleanliness of 
the pool was provided by removal of debris, through 
brushing and vacuuming with filtration. The DTM 
appeared to improve the operation of the filter systems, 
permitting better filtration rates with less backwashing. 
No evidence of corrosion of the pools or equipment 
(aluminum, chrome, stainless steel, plastic, etc.) was 
observed. 


DISCUSSION 


Various factors affecting the algicidal and bacteri- 
cidal activity of swimming pool algicides and sanitizers 
must be considered in their proper evaluation by labo- 
ratory techniques as well as in field tests. The material 
or product tested must be identical in both phases of 
testing and the concentrations used in laboratory tests 
should be comparable to those proposed for field use. 





DTM (ppm) Chlorine (ppm) 
4.5 1.0 
4.5 0.5 
4.5 0.25 
2.25 1.0 
2.25 0.5 
2.25 0.25 
1.125 1.0 
1.125 0.5 
1.125 0.25 
4.5 0 
2.25 0 
1.125 0 
0 1.0 
0 0.5 
0 0.25 
4.5 1.0 
4.5 0.5 
4.5 0.25 
2.25 1.0 
2.25 0.5 
2.25 0.25 
1.125 1.0 
1.125 0.5 
1.125 0.25 
4.5 0 
2.25 0 
1.125 0 
0 1.0 
0 0.5 
0 0.25 


@ Standard plate count. 
» Added hardness, 200 ppm. 
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TABLE 4. Percentage reduction of sewage organisms by DT 


Distilled water 


min 


.95 
.88 
.93 
91 


26 


88 


57 
96.: 


45 


41 
.93 


60 


67 


21,320/ml* 


60 min 


99.98 
99 .94 
99.92 
99 .94 
99.91 
98.70 
99.95 
99.88 
99.40 
98.01 
93.55 
89 .22 
99.06 
99.39 
91.32 


8,200/ml 


89.51 


98 .54 
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The varying hardness encountered in the natural waters 
of various geographic areas should be considered and 


laboratory tests may include studies in both soft water @ 


or standard media and hard water or media with added 
hardness. Variants, such as temperature, sunlight, 
evaporation, continuous organic contamination by 
leaves and insects, and pH shift due to pool construction 
materials, which are encountered in field use, are diffi- 
cult to control. These factors are probably best evalu- 
ated in field tests and in laboratory tests should be 
standardized by the use of fixed temperatures and 
lighting with absence of evaporation, additional con- 
tamination, and elimination of pH shift by use of non- 
reactive Pyrex containers. 

The types of organisms to be used in laboratory tests 
cannot reasonably include all possible organisms which 
might be encountered in field use. Bacteria found in 
swimming pools have been studied by Preuner (1957) 
and Robinton, Mood, and Elliot (1957). Fitzgerald 


M (Armazide) and chlorine at varying contact times 





Hard water? 





21,320/ml* 
120 min 10 min 30 min 60 min 120 min 
99.99 99 .25 99.93 99.94 | 99.99 
99.98 92.27 99.44 99.89 99.96 
99.93 92.61 98.75 99.78 | 99.91 
99.98 90.50 | 98.73 99.92 99.97 
99.99 87 .69 95.84 99.10 99.81 
99.97 80.53 91.32 97.60 | 98.08 
99.98 82.53 92.50 99.46 99.91 
99.98 73.38 88.16 | 95.65 | 97.70 
99.88 69.04 86.16 94.72 | 96.43 
99.63 73.62 80.07 | 97.99 91.91 
96.54 55.44 62.48 68.93 63.06 
91.09 43.71 55.44 52.16 53.92 
99.96 62.01 85.34 92.99 98.31 
99.91 29 .64 51.22 71.86 74.32 
98.9% 29 .64 40.90 56.73 73 .62 
8,200/ml 
99.99 99.17 | 99.83 99.93 99.99 
99.98 99.63 | 98.99 99.73 99.96 
99.96 99.38 | 99.79 99.79 99.96 
99.98 99.35 99.33 99.94 99.96 
99 .95 89.88 | 94.76 99.35 | 99.93 
99 .99 66.71 88.11 98.60 | 99.63 
99.98 89.27 97.38 99.85 99 .96 
99.91 47.74 | 92.50 99 .94 | 99.95 
99.85 57.32 88.05 99.00 97.80 
99.85 72.26 | 86.10 99.51 99.82 
97.87 52:44 63.41 85.30 | 96.10 
92.01 19:21 31-71 43.90 | 76.71 
99.96 83.23 | 98.48 99.94 | 99.98 
99.94 11.95 7.56 97.38 | 99.21 


99.63 2.22 2.44 14.63 | 37.80 


Group 
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Group A 
Pool 1 


Pool 5 


Group A: 
Pool 6 


Pool 7 


Group B 
Pool 13 


Pool 14 


= | 
| 


Date 


9/26 
9/27 
9/28 
9/29 
9/30 
10/1 
10/3 
10/4 
10/5 
10/7 


9/27 
9/28 
9/29 
9/30 
10/ 
10 
10 
10/ 
10 


Nok We 


9/26 
9/28 
9/29 
9/30 
10 
10 
10 
10 
10 


Sof Oe 


9/26 
9/28 
9/29 
9/30 
10/1 
10/3 
10/4 
10/5 
10/7 


9/27 
9/28 
9/29 
9/30 
10/1 
10/3 
10/4 
10/5 
10/7 


9/26 
9/28 
9/29 
9/30 
10/1 
10/3 
10/4 
10/5 

7 


10; 





TABLE 5. Pool observation and treatments 





| | 
Algae” Cleanliness Temp. pH Acid used ) —_ eee 
ie Leas | eee | = ee ee 
C | | | gal 
| 
Very slight¢ | Clean 28 8.0 | 1% Sulfamie acid 0 1.5 
Very slight | Clean 7.8 | 16 # Sulfamic acid 
Very slight | Clean 27 7.8 | 1% Sulfamie acid 0.3 1.0 
Very slight | Clean 28 7.8 | 1* Sodium bisulfate| 0.7 
Very slight | Clean 28 7.8 | 1# Sodium bisulfate| 0.2 1.0 
Very slight | Clean 27.5 8.0 | 1% Sulfamic acid 0.4 
Nil | Clean 27.5 8.0 0.1 1.0 
Nil | Clean 27.5 | 8.0 0.3 
Nil | Clean 27.5 | 8.0 | 2% Sulfamie acid 0.1 1.0 
Nil | Clean 28 | 8.0 | 0.2 1.0 
| 
Nil Clean 27 | 8.0 | 1 Sulfamic acid 0.1 1.5 
Nil Clean 27 | 8.0 | 1% Sulfamie acid 0.3 
Nil Clean 28 7.8 | 1% Sodium bisulfate} 0.1 1.0 
Nil | Clean 28 | 7.8 | 1% Sodium bisulfate} 0.3 
Nil | Clean 28 8.0 | 1# Sulfamic acid | 0.1 1.0 
Nil | Dirty 28.5 8.0 0.4 
Nil | Dirty 28 7.8 0.3 
Nil Dirty 27.5 7.8 1% Sulfamie acid 0.4 
Nil Clean 27 7.5 0.1 1.0 
Very slight4 Clean 28 7.6 0 
Very slight | Clean 28 7.6 0 
Very slight Clean 28 7.5 0 
Very slight | Clean 28 7.5 | 0 
Very slight Clean 28 8.0 1% Sulfamic acid 0 
Very slight | Clean 28 7.6 0 
Very slight | Clean 28 8.0 0 
Nil | Clean 27.5 8.0 | 1# Sulfamic acid 0 
Nil | Clean 28 7.6 0 
Nil | Dirty 27 8.0 2 Sulfamic acid 0 
Nil | Clean 27 8.0 1% Sulfamie acid 0 
Nil | Clean 28 7.4 0 
Nil | Clean 27 C2 0 
Nil Clean 28 7.4 0 
Nil Very dirty® 28 | 7.8 | 1# Sulfamic acid 0 
Nil Dirty 277.5 | 7.6 | 0 
Nil | Clean 27.5 7.6 | 1% Sulfamic acid 0 
Nil | Clean 27.5 7.4 0 
Ee rere ae lee ete (ee nee eee | oes 
Moderate? Dirty 27 | 7.8 | 1% Sulfamic acid | 0 1.0 
Moderate | Dirty 28 | 7.8 1% Sulfamic acid | 0.2 
Slight | Clean 29 7.8 1% Sulfamie acid 0.1 1.0 
Slight | Clean 28.5 7.8 | 1 Sodium bisulfate | 0.3 
Slight Clean 28 7.8 | 1# Sulfamic acid | 0.1 1.0 
Nil Clean 28 | 7.8 1 Sulfamic acid | 0.1 1.0 
Nil Dirty 28 | 7.6 | 0.4 
Nil | Dirty 28 7.6 | 0.4 
Nil Clean 27 | 1.5 0.1 1.0 
Slighte | Dirty 28 8.2 | 2 Sulfamic acid | 0 1.5 
Slight Dirty 28 7.8 1% Sulfamic acid | 0.1 1.0 
Slight | Dirty 29 | 7.8 1# Sodium bisulfate| 0.7 
Slight Dirty 28 | 7.8 1 Sodium bisulfate | 0.4 
Nil Clean 28 7.8 1% Sulfamie acid 0.3 
Nil | Clean 29 | 8.0 1# Sulfamic acid 0.1 1.0 
Nil | Clean 28.5 8.0 0.3 
Nil Clean 28 | 7.8 1 Sulfamic acid | 0.3 
Nil | Clean 7.5 | 7.6 | 0.1 1.0 


b 


| 
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TABLE 5—Continued 
Date Algae® Cleanliness” Temp. pH Acid used pe byron 
Cc gal cs 
Group C 
Pool 17 9/26 Very heavy’ Very dirty 27 8.0 2 Sulfamie acid 0 3.0 
9/28 Very heavy Very dirty 27 7.8 1% Sulfamie acid 0.7 1.5 
9/29 | Very heavy Very dirty 28 7.8 1 Sodium bisulfate 0.7 
9/30 Moderate Very dirty 28 7.8 1 Sodium bisulfate 0.3 2.0 
10/1 | Moderate Dirty 28 8.0 | 2® Sulfamie acid 0.2 1.0 
10/3 Slight Dirty 27 8.0 2 Sulfamiec acid 0.1 1.5 
10/4 | Slight Dirty 27 8.0 0.4 
10/5 | Nil Dirty 26.5 8.0 0.1 1.5 
10/7 | Nil Slightly dirty 26 8.0 0.7 
Pool 18 9/26 | Moderateé Dirty 27 8.0 2 Sulfamie acid 0 1.5 
9/27 Moderate Dirty 27 8.0 
9/28 Moderate Dirty 27 8.0 1 Sulfamie acid 0.7 
9/29 Moderate Dirty 28 8.0 2* Sodium bisulfate 0.7 
9/30 Moderate Dirty 28 7.8 1% Sulfamic acid 0.3 
10/1 Slight Clean 28 8.0 1% Sulfamie acid 0.3 
10/3 Slight Clean 27.5 7.5 0.1 1.0 
10/4 Slight Clean 28 7.6 0.4 
10/5 Slight Clean 27 8.0 1% Sulfamie acid 0.4 
10/7 Nil Clean 27 8.0 0.4 1.0 


» Classification: very dirty, dirty, slightly dirty, or clean. 
¢ Plankton algae similar to Chlorella pyrenoidosa. 

4 Black algae clusters similar to Phormidium retzii. 

¢ Palm branches, coconuts, etc., blown into pool by storm. 


TABLE 6. Average sodium hypochlorite consumption 


Without DTM? 


. ji N . 
Group catianiat oo Per cent reduction 
gal/wk gal/w % 
Ai 7.8 2.05 73.8 
B 8.0 2.85 64.2 
C 9.0 3.35 62.8 


« Armazide. 


(1959) used settled sewage as a source of a wide spec- 
trum of pathogenic and nonpathogenic organisms which 
might be encountered in swimming pools under the 
worst conditions. The levels selected for testing pro- 
vided loads considerably in excess of those to be ex- 
pected in swimming pools, but provided a rigorous 
test of the capacity of the product at use concentrations 
to destroy organisms. Palmer and Maloney (1955) and 
Fitzgerald (1959) employed various unicultures of algae 
in laboratory evaluation of algicides. Representative 
algae of the two types most frequently encountered, 
green water from plankton and black clusters from 
filamentous algae, were selected for testing. The 
Chlorella culture at 500,000 cells per ml provided an 
algistatic test by observing for lack of growth in the 
treated samples. The Chlorella culture at 7.5 million 
cells per ml provided an algicidal and algistatic test 
by observing for decrease, stasis, or increase of the 
algae as compared to controls. The use of standardized 


“ Classification: very heavy, heavy, moderate, slight, very slight, or nil. 


color transparencies provided a permanent record of 
the test for subsequent comparison and evaluation of 
results. 

Chlorine residuals of at least 0.5 ppm are generally 
recommended as the normal level for swimming pool 
maintenance; 1.0 ppm chlorine and higher are con- 
sidered as super- or hyperchlorination. Higher levels 
are irritating to the swimmers and prevent use of the 
pool until the level has diminished. Various chlorine 
levels were tested alone and in combination with DTM 
to ascertain the treatment levels which would provide 
the effectiveness of the standard chlorine treatments 
without the undesirable results of high chlorine re- 
siduals. Results of the algicidal and bactericidal labora 
tory tests indicated the effectiveness of DTM as an 
algicidal and bactericidal agent. Combinations of low 
concentrations of DTM with low concentrations of 
chlorine effectively controlled the algae and sewage 
organisms. 

Field tests provide the ultimate phase of testing for 
swimming pool additives and subject the product to a 
wide range of uncontrollable variables. If successful, 
the validity of laboratory tests may be established; 
however, failure in field tests may require modification 
of the product or the treatment levels and methods. 
Field testing provides an opportunity for evaluation of 
potential consumer acceptance and anticipation of pos- 
sible difficulties to be encountered in the hands of the 
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* users. The treatment levels determined in the labora- 


tory tests were incorporated into treatment levels and 


j methods for swimming pool field tests. Results of the 
‘exploratory field tests determined the frequency of 


supplementary treatments to follow the initial treat- 
ment and the appropriate methods for maintenance of 


‘the pool. These treatment levels and methods were 


utilized in the subsequent field testing in Florida. 

The weather conditions were favorable during the 
period of the field test. Immediately before the test 
period, a hurricane had passed through the area. As a 
result, some of the pools had been cleaned and scrubbed 
immediately prior to the test. However, some of the 
pools had not yet been properly cleaned and were 
contaminated by debris such as palms, coconuts, dirt, 
and bay water. Some of the pools were placed on the 
test under these extremely adverse conditions to de- 
termine the effectiveness of the DTM treatments in 
restoring such pools to a desirable condition. Cleaning 
and maintenance of the pools other than chemical 
treatments were performed by pool owners or service 
operators. 

When properly treated as described upon the basis 
of the existing water condition or the prior operating 
history of the pool, the DTM in conjunction with a 
reduced chlorine level provided a satisfactory algicidal 
and sanitizing action in the pools. Algae growths, repre- 
sentative of the plankton type and the black filamen- 
tous type in varying stages of growth, were controlled 
in a satisfactory manner. Bacteriological control of the 
pools was adequate to meet the requirements for public 
pools using standard chlorine treatments as prescribed 
by many of the state regulations for swimming pool 
operation. Proper maintenance of the pool by brushing. 
vacuuming, and operation of the filter is necessary to 
remove extraneous foreign matter which enters the 
pool. DTM may provide some assistance by its slight 
surfactant effect in the water. Those pools which were 
not maintained in a clean condition were more difficult 
to treat to obtain the desired effect. The foreign matter 
probably acts as a source of contamination and if not 
removed provides a reservoir for continued contami- 
nation. Despite the lack of proper maintenance in all 
pools, the DTM and low level chlorine treatments 
appeared to provide the necessary algicidal and sani- 
tizing action. The reduction of the chlorine residual and 
less frequent treatments as described allowed a 60 to 
75% reduction in the chlorinating chemical require- 
ments of the pools. 

Further observations were made concerning filtration, 
corrosion, appearance of the water, odor, and effect 
upon swimmers. Such observations were primarily sub- 
jective and based upon interview of the pool owners 
and the pool service operators. However, these are 
particularly important in determining the acceptability 
of the material and treatments on the part of the con- 
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sumers and users. The elimination of skin and eye 
irritation and chlorine odor were of particular interest. 
Equally important, from the standpoint of pool ap- 
pearance, was the elimination of the troublesome algae 
and improved brilliance and sparkle of the water. In 
comparison to the prior servicing requirements of the 
pools it appeared that the intervals could be increased 
between backwashing the filters, thereby decreasing 
the maintenance required for the pool. 
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ABSTRACT 


Gaupy, Evizaspetu (University of Illinois, Urbana), 
AND R.S. Wo re. Factors affecting filamentous growth 
of Sphaerotilus natans. Appl. Microbiol. 9:580-584. 
1961.—Filamentous growth in cultures of Sphaerotilus 
natans can be measured and compared with total growth 
by a standardized procedure of winding filaments 
around an inoculating needle. Filaments and residual 
growth are then separately washed on Millipore filters, 
dried, and weighed. This method has been used to 
study changes in the growth habit of S. natans elicited 
by changes in the concentration of nutrients in the 
medium. The concentration of peptone, in a medium 
containing a sugar, phosphate buffer, and inorganic 
salts, has a much greater effect on the proportion of 
filamentous growth than does the nature or concen- 
tration of the carbon source or the concentration of 
phosphate buffer. Filament formation is significantly 
inhibited by concentrations of peptone greater than 
0.25 %; further increases in peptone concentration stim- 
ulate the production of large amounts of capsular ma- 
terial. Increasing the concentration of phosphate buffer 
to 0.05 m almost completely inhibits growth of S. 
natans. 





Sphaerotilus natans is a common inhabitant of pol- 
luted streams and may seasonally become an important 
nuisance, especially in commercial fishing areas. It has 
been suggested that the sudden appearance of the fila- 
mentous form of Sphaerotilus in large amounts implies 
the prior existence of the organism in the stream in the 
form of Cladothrix dichotoma (Naumann, 1933). Bahr 


1 Supported by U.S. Public Health Service grant 6430. 





(1953) has reported the conversion of a culture of 
Cladothrix, grown in 0.05% meat extract medium, to 
the Sphaerotilus form after addition of 0.3% asparagine 
to the medium. The morphological variations of 
Sphaerotilus have been carefully defined by Pringsheim 
(1949a, b). Lackey and Wattie (1940), Stokes (1954), 
and Héhnl (1955) have estimated relative amounts of 
growth in various media differing in carbon source, as 
well as in organic and inorganic nitrogen sources. 
Scheuring and Héhnl (1956) made extensive studies of 
the ability of S. natans to utilize selected carbon and 
nitrogen compounds as well as sulfite pulping wastes, 
measuring growth by visual estimation or by total dry 
weight. 

In the present study, a method of estimating fila- 
mentous growth was developed and used in studying 
the growth habit of S. natans elicited by the variation 
in concentration of nutrients in the medium. Under 
certain conditions a large amount of slime is produced 
by the cells. The isolation, purification, and chemical 
analysis of a polysaccharide obtained from the slime 
layer will be described in a future communication. 


MATERIALS AND METHODS 


Isolation. Filamentous material clinging to leaves 
taken from a local polluted stream was streaked on a 
medium composed of 0.05% beef extract (Difeo)? and 
2% agar in tap water. Plates were dried for 48 hr at 
25 C before use. Standard aseptic techniques were used 
throughout this study. After approximately 18 hr of 
incubation at 25 C, the typical, curling filamentous 
colonies of S. natans were visible under a dissecting 
microscope. Well-isolated colonies were transferred with 


2 Difco Laboratories, Inc., Detroit, Mich. 
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a fine, curved capillary pipette to plates containing the 


® same medium, streaked, and incubated at 25 C. Usually 





this procedure was sufficient to separate S. natans from 
contaminating organisms. In our hands this direct 


i method was more successful than that reeommended 


aii 





iia 








by Stokes (1954). 
Culture conditions. The medium used for maintaining 


) stock cultures had the following composition (values in 
per cent); dextrose, 0.1; peptone, 0.025; agar, 0.2; 


MgSO.-7H2O, 0.005; CaCh, 0.00125; FeCl;-6H.O, 
0.00025; potassium phosphate buffer, pH 7.1, 0.01 M; 
deionized water. Cultures were transferred weekly. 

Inocula for experiments were prepared by trans- 
ferring the stock culture to an agar slant of the fol- 
lowing composition: yeast extract, 0.2%; agar, 1.5%. 
After incubation for 24 hr at 30 C, the cells were scraped 
from the surface of the slant and suspended in 10 
ml of sterile, deionized water. 

Liquid medium. The basal medium contained 0.02 % 
MgSO,-7H,.O, 0.005 % CaCls, and 0.001 % FeCl;-6H:0 
in deionized water (Stokes, 1954). Concentrations of 
glucose and peptone, except where varied, were 0.5% 
and 0.05%, respectively. Potassium phosphate buffer 
was maintained at pH 7.1 at all concentrations used 
and was sterilized separately and added to the flasks 
before inoculation. Mach sugar was also sterilized sepa- 
rately. The liquid medium, 100 ml in 500-ml Erlen- 
meyer flasks, was inoculated with 0.25 ml of cell sus- 
pension and incubated at 30 C without shaking. Maxi- 
mal growth was reached in approximately 48 hr. 

Measurement of total growth and filament formation. 
After 48 hr, the contents of each flask were divided 
equally among three test tubes (22 by 200 mm). Re- 
moval of filaments was accomplished by winding them 
on a long inoculating wire, using the following standard 
procedure. The contents of each tube were stirred with 
the wire 60 times, approximately twice per second, the 
collected filaments pushed off the wire onto a previously 
weighed Millipore* filter (SM 5 uw pore size), and the 
procedure repeated. The combined filaments from the 
three tubes were washed while on the filter with 10 
ml of deionized water and the filter placed in an alumi- 
num weighing dish. The dish and filter were dried 
together, before use, at 103 C for 2 hr, cooled, and 
weighed. The winding procedure removed all growth 
from the medium except single cells and short filaments, 
approximately 3 
culture fluid from each tube was then poured onto a 
second tared filter and the tubes were rinsed with de- 
ionized water onto the filter. The residue was washed 
while on the filter with 10 ml of deionized water and the 
filter placed in its dish. All filters with deposited organ- 
isms were dried in an oven at 103 C to constant weight 


mm or less in length. The remaining 


(approximately 5 hr). 
Microscopic examination. Cell morphology and sheath 


3 Millipore Filter Corporation, Watertown, Mass. 
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formation in various cultures were examined in wet 
mount preparations under oil immersion, using a phase 
contrast microscope. Observations of the form and rela- 
tive amount of capsular material were made using the 
India ink method recommended by Duguid (1951 ). 


RESULTS 


Relation of filament formation to the nature and concen- 
tration of sugar. In Fig. 1 are plotted dry weights repre- 
senting total and filamentous growth on five sugars: 
glucose, mannose, fructose, sucrose, and maltose. Each 
sugar was tested at three concentrations: 0.1, 0.5, and 
1.0%. There were two notable differences in cultures 
grown on different carbon sources. First, of the three 
monosaccharides tested, only fructose compared with 
the two disaccharides in maximal total growth sup- 
ported. Mannose was a very poor carbon source at all 
concentrations, and glucose supported a maximal total 
growth only one-third of that obtained with fructose, 
maltose, or sucrose. Second, variation in concentration 
had only slight effects on total growth with mannose, 
glucose, and maltose, but with fructose and sucrose 
increasing concentrations of sugar caused a sharp de- 
crease in total dry weight. 

Although the pattern of total growth varied markedly 
with different sugars, neither the specific sugar used 
nor its concentration seems to be responsible for a 
significant change in the manner of growth of S. natans. 
With the three sugars which supported good growth, 
fructose, sucrose, and maltose, the amount of non- 
filamentous material remained fairly constant. With 
glucose and mannose, the proportions of filamentous 
growth at different concentrations were more variable; 
at a concentration of 1% of either sugar, filament 
formation was retarded, but the total amount of growth 
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CONCENTRATION OF SUGAR IN THE MEDIUM 
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FIG. 1. Effect of the nature and concentration of sugar on 
total growth and filament formation in a medium containing 
0.05% peptone, inorganic salts, and 0.01 m phosphate buffer, 
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with these sugars was too small to allow accurate 
measurements of differences. 

Relation of filament formation to phosphate buffer con- 
centration. The concentration of phosphate buffer, as 
shown in Fig. 2, also had little effect on the nature of 
the growth but had a very pronounced effect on total 
dry weight. Optimal growth in the medium used was 
possible only over a narrow range of buffer concen- 
trations, and an increase in concentration to 0.05 mM 
almost completely inhibited growth. This finding is in 
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MOLARITY OF PHOSPHATE BUFFER 


FIG. 2. Effect of the molar concentration of phosphate buffer 
(pH 7.1) on total growth and filament formation in a medium 
containing 0.5% glucose, 0.05% peptone, and inorganic salts. 
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CONCENTRATION OF PEPTONE (PER CENT) 


FIG. 3. Effect of peptone concentration on total growth and 
filament formation in a medium containing 0.5% glucose, in- 
organic salts and 0.01 m phosphate buffer, pH 7.1. 
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agreement with the report of Héhnl (1955) that 0.15 y 
phosphate buffer inhibited growth of S. natans. 

Variation with peptone concentration. The data pre- 
sented in Fig. 3 indicate that only at low concentrations 
of peptone was the filamentous growth a substantia] 
proportion of the total dry weight. The ratio of fila- 
mentous to total growth decreased with increasing pep- 
tone concentration, although total weight continued to 
increase. 

In this experiment, the production of voluminous 
slime at high peptone concentrations was noted. The 
culture containing 0.5% peptone required 4.5 hr for 
filtration, even though part of the culture fluid was 
centrifuged before filtering. A flask containing 1.0% 
peptone was included in the experiment but due to the 
difficulty experienced in filtration of the 0.5% peptone 
culture, no measurements were attempted. The culture 
was examined in wet mount with India ink and was 
found to be generally composed of single cells and short 
filaments, all surrounded by large amounts of slime 
(Fig. 4 and 5). 

In Fig. 6 are shown at low magnification the large 
masses of slime containing embedded single cells and 
short filaments which were characteristic of cultures 
grown in high-peptone media. The amount of slime 
was found to increase with incubation time, up to 5 
days. Fig. 7 and 8 are electron micrographs of cells 
from a 72-hr culture in the 1.0% peptone medium. 
The cells shown in Fig. 7 appear normal, being sur- 
rounded by a well-defined sheathlike structure. In Fig. 
8 is shown a portion of a filament surrounded by a 
large amount of slime which appears as masses of 
dried, amorphous material. 

The observation of Stokes (1954) that growth in 
stationary flasks occurs primarily in a surface pellicle, 
with a thin film of short filaments clinging to the sides 
and bottom, was confirmed in our studies. The culture 
medium remained essentially clear, and turbidity was 
observed only in those flasks where filamentous growth 
formed a small proportion of total growth, i.e., in 
high-peptone medium. However, the nature of the 
pellicle may vary greatly with the carbon source and 
its concentration. All pellicles were formed of extremely 
long filaments of ensheathed cells as well as empty 
sheaths. India ink wet mounts are indispensable in 
assessing the amount of capsular material surrounding 
the filaments. It has been observed that the sheath is 
commonly surrounded by a well-defined capsule, the 
thickness of which varies over a wide range. 

The R (rough) to S (smooth) dissociation reported 
by Stokes has also been observed and has been found 
to be accompanied invariably by a large increase in the 
amount of capsular material. However, a rich medium 
has not been found to be a necessary condition for the 
dissociation. It has also been observed that changes in 
constitution of the medium produce striking, but diffi- 
cult to quantitate, effects on fat storage, size and shape 
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rig. 4 and 5. Phase contrast photomicrographs of India ink wet mounts of a 48-hr stationary culture of S. natans. The medium con- 
tained 1.0% peptone. Note the large amounts of capsular material (slime layer). C, cell; S, slime; I, ink; A, lysed or abnormal cells; 
F, fat. 

r1G. 6. Phase contrast photomicrograph of an India ink wet mount of a 5-day culture of Sphaerotilus natans. Cells were grown in a 
1.0% peptone medium; large masses of slime with embedded cells are shown. S, slime; I, ink. 

r1G. 7. Electron micrograph of 72-hr culture of S. natans, in 1.0% peptone medium showing cell, C, and sheath, Sh. 

FIG. 8. Electron micrograph of 72-hr culture of S. natans, in 1.0% peptone medium. Large amounts of an amorphous deposit of dried 


slime completely surround the filament. S, slime; Sh, sheath. 
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of the cells, the diameter of the defined capsule, and the 
rigidity of the sheath. 


DISCUSSION 


Of the four parameters tested for effect on formation 
of filaments, i.e., nature of carbon source, concentration 
of carbon source, concentration of phosphate buffer, 
and concentration of peptone, only the latter caused a 
significant alteration in the growth habit of S. natans. 
Microscopic examination of the culture indicated that 
this effect is possibly brought about at the expense of 
disturbances in the normal metabolism of the cells. 
Although many of the cells were normal in appearance 
(Fig. 5), a large proportion of the population exhibited 
extensive deformation and lysis (Fig. 4). This morpho- 
logical abnormality was not attributable to the age 
of the culture, since cultures of equal age, in which 
filament formation was not inhibited, had a normal 
appearance. 

A possible explanation for the disturbance in me- 
tabolism due to high peptone concentrations is sug- 
gested by Wuhrmann’s (1949) observation that trypto- 
phan, cystine, and methionine inhibit growth of S. 
natans in concentrations as low as 0.2 mg per liter. 
However, Héhnl (1955) found no inhibition with trypto- 
phan at 100 mg per liter; tyrosine and cystine retarded 
growth at this concentration. Scheuring and Hoéhnl 
(1956) reported no complete inhibition of growth due 
to amino acids. However, they did observe delayed 
growth and changes in “growth form” at concentrations 
of 0.1% with leucine, threonine, cystine, and tyrosine. 

The observed differences in total weight obtained 
with different sugars may reflect differences in the 
metabolic utilization of these compounds. It is especially 
interesting to note the differences in weights obtained 
with glucose and with maltose, the utilization of which 
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would be expected to differ only by a single enzymatic 
step. However, the macroscopic and microscopic obser- 
vations of the numbers of cultures grown in the labora- 
tory on different media suggest that interpretation of 
total volume or total dry weight as a measure of cell] 
replication or growth may be misleading. It is suggested 
that the contribution of the capsular material to the 
total weight and especially to the volume of growth 
has not been given sufficient consideration in studies 
using S. natans. 
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ABSTRACT 


JAEGER, Rosperr F. (U. S. Army Medical Unit, 
Frederick, Md.), RicuHarp O. SPERTZEL, AND RALPH 
W. KurHNe. Detection of air-borne Pasteurella tula- 
rensis using the fluorescent antibody technique. Appl. 
Microbiol. 9:585-587. 1961.—Considerable research has 
been directed toward the development of rapid methods 
for the identification of air-borne microorganisms. The 
application of the fluorescent antibody technique (AT) 
coupled with the impaction of contaminated air onto 
glass slides affords a rapid and specific method for the 
identification of air-borne Pasteurella tularensis. Early 
experiments presented problems of cross-reaction with 
organisms other than P. tularensis. These cross-re- 
actions are eliminated by specific adsorption and proper 
dilution of the conjugate. A series of experiments con- 
ducted under rigidly controlled laboratory conditions 
indicates that fewer than ten viable P. tularensis per 
slide can be detected by this method. Time of impac- 
tion as well as the presence of large concentrations of 
other microorganisms did not alter this number. Calcu- 
lations indicate that a concentration as low as one 
viable organism per 5 liters of air can be detected. 








Detection and identification of air-borne pathogens 
has long been the subject of intensive study. A wide 
variety of air samplers have been developed for the 
collection of air-borne particulates (Wolf et al., 1959). 
Air samplers have been utilized in laboratory studies on 
relatively pure aerosols of single species of micro- 
organisms, where rapidity of identification and detec- 
tion of small numbers were desirable, but not over- 
riding, considerations. 

In some epidemiological investigations, one is con- 
fronted with specific identification of trace quantities 
of pathogens in a contaminated environment. Sim- 
plicity and rapidity of the techniques employed become 
critical. Cultural examination of air samples under 
these conditions is of limited value; positive results are 
obtained only after sufficient incubation time for the 
pathogens to grow to detectable numbers of visible 
colonies and then specific identification is required. 
Contaminants may inhibit or mask the growth of 
pathogens present in the aerosol thus yielding falsely 


negative results. When time is of importance, animal 
inoculation is laborious, cumbersome, and time con- 
suming. 

Theoretically, rapid and specific identification of air- 
borne pathogens could be achieved by their impaction 
on a suitable surface, and subsequent examination with 
fluorescent antibody techniques (FAT). In this study, 
the FAT was compared with cultural examination of 
bacterial aerosols to determine the sensitivity of the 
method under laboratory conditions. 


MATERIALS AND MeETHODS 


An 18-hr culture of Pasteurella tularensis strain 
SCHU-S4 (PTS4) (Eigelsbach, Braun, and Herring, 
1951) grown on glucose cysteine blood agar (GCBA) 
was used for the generation of dynamic aerosols. The 
organisms, suspended in tryptose-saline plus Dow 
Corning Antifoam A,! were aerosolized with a Collison 
generator in a 6-in. diameter modified Henderson appa- 
ratus (Henderson, 1952) at a temperature of 25 C and 
a relative humidity of 80%. The aerosol flow rate was 
20 standard ft* per min (SCFM); 80% of the particles 
produced were less than 2 uv in diameter. 

Sampling was done during the period of aerosol 
generation at each of two ports incorporated into the 
apparatus. Slit samplers (Decker and Wilson, 1954) or 
all glass impingers (AGI-30) were used to determine 
cloud concentrations. For low concentration clouds, 
the slit samplers containing culture plates (150 by 20 
mm) of GCBA, were operated for 5 min at SCFM 
(28.3 liters per min). The plates were incubated at 
37 C for 72 hr before counting. When high concen- 
tration clouds were generated, AGI-30 samplers con- 
taining 20 ml of tryptose-saline plus Antifoam A were 
operated at 12.5.liters per min. The fluid from all 
impingers was pooled and 10-fold dilutions were made 
in tryptose-saline and 0.2-ml aliquots were plated on 
GCBA. 

A single stage Cascade? impactor was used to impact 
the organisms on the glass slides. Air drawn into the 
Cascade impactor is passed through a slit-type jet and 
directed against a glass slide. The clearance between 
the face of the jet and the slide is 0.5 mm. Air flow is 


1 Dow-Corning Corporation, Midland, Mich. 
2 Mine Safety Appliance Company, Pittsburgh, Pa. 
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controlled at 20 liters per min by a critical orifice in- 
serted into the outlet tube. The dimensions of the jet 
are 1.4 by 0.027 cm resulting in approximately one- 
fourth sonic velocity impacting speed. 

Following impaction the coded slides were prepared 
for examination according to the procedures outlined 
by Yager et al (1960). A 1:64 dilution of conjugated 
avian anti-P. tularensis globulin was used. The slides 
were examined with a Zeiss GFL microscope equipped 
with an OSRAM* HBO 200 mercury vapor lamp using 
Schott filter combinations BG12, GG4 and BG12, GG4 
and OG4. 

To examine the FAT staining capabilities of killed 
organisms, PTS4 organisms were killed by ultraviolet 
exposure, heat, 8-propiolactone, phenol, and pasteuri- 
zation (143 F for 30 min). All preparations were success- 
fully stained. 

Early experiments indicated that fewer than 20 
organisms per slide could be detected using the FAT. 

Experiment no. 1. To evaluate the capability of de- 
tection of fewer numbers and to be able to correlate 
these data with significant viable counts, seven 10-min 
clouds were generated with the Collison generator. Two 
AGI-30 samplers were used at each port for the 
ull generation time of each cloud. One slit sampler was 
used at each port beginning at the third minute of 
each cloud and operated for 5 min. Two single stage 
Cascade impactors operating at 20 liters per min were 
used, one at each port for 1 min (clouds 1 to 4), for 
2 min (clouds 5 and 6), and for 4 min (cloud 7), be- 
ginning at the fourth minute of each cloud. A second 
run was made similar to this, but with the addition 
of a 0.5-min sample. 

Experiment no. 2. Clean air was impacted on the 
slides of four Cascade impactors for 30-min before a 
3-min impaction of PTS4. Clean air was impacted on 
four slides for 30-min after a 2-min impaction of PTS4. 
In addition, in each run two slides were impacted with 
PTS4 for 2-min and two slides with clean air only as 
controls. The fill for this run contained 1.3 X 10‘ viable 
PTS4 per ml. 

Experiment no. 3. To determine the effect of “con- 
taminants” on the identification of the pathogen a 
100: 1 ratio of a mixture of Pseudomonas, Mima, Strepto- 
coccus pyogenes, and Bacillus megaterium to P. tularensis 
was used. Two-minute impaction samples of the mix- 
ture alone, the mixture plus P. tularensis, and P. 
tularensis alone were collected. 

RESULTS 

Experiment no. 1. Fills of 1.2 * 10* and 4.1 X& 104 
for runs 1 and 2 produced aerosols that contained ap- 
proximately 1 viable PTS4 per 5 liters of air. The 
results of the two runs are shown in Table 1. 

Experiment no. 2. In the previous experiments, a 


3 OSRAM Lamp Company, Munich, Germany. 
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moderate amount of air contamination was evidenced 
but did not interfere with the identification of P. 
tularensis. In this experiment the presence of a high 
ratio of “contaminants” on the slides presented no 
problem in the identification of P. tularensis. Four 
slides of each cloud were stained immediately and eight 
were stored at —20 C. All slides of the clouds con- 
taining P. tularensis and P. tularensis plus mixture 
were FAT positive, whereas slides from the mixture- 
only cloud were negative; however, the Streptococcus 
included in the mixture did give a moderate amount of 
fluorescence and would, under field conditions, be con- 
fusing. Following adsorption of the serum with live 
Streptococcus organisms (groups A and C) the stored 
slides were stained with unadsorbed and adsorbed sera, 
All slides were read correctly without difficulty. The 
unadsorbed globulin still stained Streptococcus but the 
adsorbed globulin did not. 


DISCUSSION 


The application of FAT and impactors for the de- 
tection of small numbers of air-borne bacteria presents 
a new and broader area of investigation of air-borne 
disease. The technique is more rapid and offers fewer 
problems resulting from the overabundance of normal 
air flora than the methods involving cultural tech- 
niques. One must be cognizant of the possibility of 
cross-staining of natural flora due in part to the pos- 
session of a common antigen with the specific pathogen 
being studied. However, in the study reported here, 
these cross-staining reactions have been eliminated by 
adsorption with living organisms. 


TABLE 1. Fluorescent antibody sensitivity of aerosolized 
Pasteurella tularensis (PT S4) collected on glass slides 
in a Cascade impactor (experiment no. 1) 


Run no. 1* Run no. 2* 


Impaction time 
| 


Average cal- PTS4 present Average cal- | PTS4 present 


| culated viable by FAT no. | culated viable | by FAT no. 
|PTS4 per slidet| +/total slides |PTS4 per slidet|+/total slides 

min 

ss ; 

0.5 3 1/4 

1 4 7/8 5 6/8 

2 | 7 4/4 11 4/4 

4 15 2/2 22 2/2 

Control air | 
2 0 0/2 0 | of 














* Run no. 1 generator fill: 1.2 X 10*. Run no. 2 generator 
fill: 4.1 * 10%. Average aerosol concentration for both runs, 
approximately 1 PTS4 per 5 liters of air. 

+ Sample calculation: 

Flow rates: 1) Slit sampler 28 liters/min. 

2) Caseade impactor 20 liters/min. 

Average colony count/5-min slit sampler = 50; therefore, 
colonies/liter of air = 50 + 5 + 28 = 0.4; 1-min impacted 
slide = 0.4 X 20 liters/min = 8 PTS4/slide. 

In a third run 1-min slides contained 11 organisms per slide 
and 8/8 were read positive. 
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Because of the specificity and capability to stain 
nonviable organisms, the FAT can be used to detect 
fewer numbers of organisms, in a much shorter time, 
than cultural techniques. The indications are that fewer 
than 10 organisms per slide can be detected by this 
technique. Whether this number is attained in 30 see 
or 30 min appears to make no difference. In these 
experiments as few as 1 PTS4 per 5 liters of air was 
detected readily using a 2-min impaction time. The 
presence of great numbers of nonspecific organisms did 
not increase the number of PTS4 required for detection. 

No attempt was made to determine the ratio of 
viable to nonviable organisms; however, by using an 
18-hr culture for the fill and aerosolizing these organisms 
within a few minutes after harvesting it is believed that 
most, if not all, of the aerosolized organisms are viable. 
Furthermore the ratio of viable organisms recovered 
as compared to fill concentrations is the same as when 
heat-shocked bacterial spores are generated in this appa- 
ratus, suggesting a very low biological decay. 

Subsequent to these reported experiments outside 
air was similarly impacted on slides for periods of 1 
min to 1 hr. These slides were stained with the same 
conjugated avian-anti-P. tularensis globulin. The re- 
sults were negative as were the control-air impacted 
slides. No attempt has been made as yet to aerosolize 
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PTS4 in outside air. It is hoped that such a test can be 
made in the near future. 
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ABSTRACT 


BuLLock, GRAHAM L. (Eastern Fish Disease Labora- 
tory, Leetown, W. Va.). The identification and sepa- 
ration of Aeromonas liquefaciens from Pseudomonas 
fluorescens and related organisms occurring in diseased 
fish. Appl. Microbiol. 9:587-590. 1961.—Taxonomy of 
the motile species of the genus Aeromonas is briefly 
discussed. It is suggested that Aeromonas organisms, 
isolated from outbreaks of red mouth of trout, red sore 
of pike, infectious abdominal dropsy and hemorrhagic 
septicemia of warm water fish, and which show acid 
and gas in glucose broth, production of 2 ,3-butanediol 
hydrogen sulfide from motility sulfide medium, presence 
of cytochrome oxidase, and hydrolysis of starch, be 
designated as Aeromonas liquefaciens. These tests also 


serve to differentiate A. liquefaciens from fish-patho- 
genic Pseudomonas fluorescens and from enteric bacteria. 





Diseases of warm water and cold water fish caused 
by polar flagellated members of the genera Aeromonas 
and Pseudomonas have been discussed by Griffin (1954). 
Much confusion existed and still exists in the identifi- 
cation of bacteria causing red mouth of trout, red sore 
disease of pike, and infectious abdominal dropsy and 
hemmorhagic septicemia of warm water fish. The names 
of these diseases were based on the symptoms and 
imply nothing of the etiological agents. In fact, species 
of both of the above genera of bacteria have been 


implicated as causative agents. While preparing a 


contribution to Bergey’s Manual of Determinative Bac- 





588 


tertology (1957), 8S. F. Snieszko (personal communication) 
checked the biochemical and cultural characteristics 
of a number of cultures which he received as species of 
Aeromonas or Pseudomonas isolated from diseased 
aquatic animals or water. He found that many of them 
could not be distinguished from cultures designated as 
Aeromonas liquefaciens. In fact, differences among the 
supposedly different species were no greater than differ- 
ences among subcultures of the same strains. Liu (1961) 
found that members of the genus Aeromonas produced 
specific, extracellular, toxic substances. Antisera pro- 
duced against these antigens could be used to identify 
these organisms. He found that of the motile species, 
strains of A. liquefaciens, A. punctata, A. hydrophila, 
and A. formicans were apparently closely related and 
the differences which existed among these species were 
no greater than the differences found among strains of 
A. liquefaciens. Descriptions of the three motile Aero- 
monas species as listed in Bergey’s Manual (Breed, 
Murray, and Smith, 1957) fail to show major bio- 
chemical or cultural differences. Therefore, for the sake 
of clarity or until such time as real differences can be 
shown among these species, organisms isolated from 
outbreaks of the above mentioned diseases, which show 
positive results with the tests to be described, will be 
here considered as type species, A. liquefaciens. 

Members of the genus Pseudomonas, generally fitting 
the description of Pseudomonas fluorescens, also have 
been implicated in fish mortality (Ross et al., 1960; 
Griffin, 1954), but apparently not to as great an extent 
as Aeromonas. Nevertheless, there exists a need for 
methods of identification and separation of A. lique- 
faciens from P. fluorescens-like organisms to aid in the 
diagnosis of fish diseases caused by Pseudomonadaceae. 

A. liquefaciens also resembles certain other genera of 
microorganisms which may cause fish mortality such 
as Vibrio species and certain enteric bacteria (Griffin 
and Snieszko, 1951). Aeromonas seems to differ from 
the enteric bacteria only in flagellar arrangement. 
Shewan, Hodgkiss, and Liston (1954) state that the 
best way of differentiating Vibrio species from pseudo- 
monads is by susceptibility to antibiotics and vibrio- 
static agents. 

The principal aim of the present research was to 
evaluate and supplement existing methods for the 
identification and separation of A. liquefaciens from P. 
fluorescens-like organisms implicated in fish diseases. 

An examination of the cytochrome oxidase method, 
reported by Ewing and Johnson (1960) for the sepa- 
ration of Aeromonas from enteric bacteria, also was 
undertaken to determine whether it had practical value 
in bacteriological examination of diseased fish. 


MATERIALS AND METHODS 


Selection of cultures. The cultures listed in Tables 1 
and 2 were used throughout the experiments. They were 
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selected from stock cultures, many of which were jgo. 
lated from fish, and kept at this laboratory. The char. 
acteristics of the stock cultures had been determined 
three times, but their classification into genera and 
species had not been completed. 

Selection of A. liquefaciens test cultures (Table 1) 
was accomplished by comparing our unknown organ- 
isms with cultures received from the collection of the 


TABLE 1. 


Strains of Aeromonas liquefaciens used 


Designation Original source or source of isolation 





A. liquefaciens | Dr. Kluyver, Holland 
Dr. Kluyver, Holland 


Dr. Kluyver, Holland 


A. liquefaciens 
A. liquefaciens 


4 Diseased trout, North Carolina 

6 Quitman, Texas 

14 Guppy (Lebistes reticulatus), Leetown, 
W. Va. 

15 Guppy (L. reticulatus), Leetown, W. Va. 

23 Pseudomonas punctata, Germany 

36 P. hirudinis, Prof. Biising, Germany 

46 Goldfish (Carassius auratus), Leetown, 
W. Va. 

53 P. hydrophila, Dr. Rucker, State of Washing- 
ton 

69 Paracolobactrum aerogenoides, Dr. Griffin, 
Yale Univ. 

76 Black mollie (Mollienesia latipinna), Lee- 
town, W. Va. 

77 Chub (Gila sp.), Leetown, W. Va. 

83 Brook trout (Salvelinus fontinalis), Lee- 
town, W. Va. 

84 Yearling brook trout (S. fontinalis), Lee- 
town, W. Va. 

85 Yearling brook trout (S. fontinalis), Lee- 
town, W. Va. 

89 Fingerling bullhead (Ictalurus sp.), Ames, 
Iowa 

90 | Fingerling bullhead ([ctalurus sp.), Ames, 
Iowa 


TABLE 2. Strains of Pseudomonas fluorescens used 





| 
Designation | Original source or source of isolation 
| 


P. fluorescens #11250 
P. fluorescens * 12633 


American Type Culture Collection 
| American Type Culture Collection 


1 Dr. Troutman, Ohio 
2 Dr. Troutman, Ohio 
7 | Quitman, Texas 
20a | Manchester, Iowa 
21 Pseudomonas *28, Dr. Rucker, 
State of Wash. 
22b Pisgah Forest Hatchery, North 
Carolina 
37 | Adult brook trout (Salvelinus fon- 
| tinalis), Berlin, N. H. 
49 | Fingerling brook trout (S. fontina- 
lis), Leetown, W. Va. 
63 | Dr. Prévost, Canada 
86 Iowa 
88 Iowa 
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late Dr. Kluyver, and designated by him as A. lique- 


faciens. Those cultures which were identical or very 


similar, biochemically and culturally, to the A. lique- 


faciens strains were selected. 


Unequivocal classification of unknown Pseudomonas 
species as P. fluorescens is difficult (Rhodes, 1959; Gaby, 
1955). Since the intent of this paper is to present a 
practical method of identification and separation of A. 
liquefaciens from P. fluorescens-like organisms causing 
disease in fishes, Pseudomonas cultures which were 
identical with known strains of P. fluorescens obtained 
from the American Type Culture Collection were used 
(Table 2). The following criteria were used for the 
selection: oxidation of glucose as determined in the 
medium of Hugh and Leifson (1953), growth at 12 C 
but not at 37 C, alkaline reaction or no change in litmus 
milk. All but one culture produced a diffusible fluo- 
rescing pigment when grown on tryptose phosphate agar. 

Selection of differential tests. During the course of 
the investigation several different procedures were 
tried, but only those which gave uniform results in 80% 
or more of the cultures tested were studied further. 
The tests described below were considered of greatest 
value in the identification of A. liquefaciens. Unless 
otherwise stated, all media were sterilized for 15 min 
at 15 lb pressure; all inoculations were made from 24- 
or 48-hr slant cultures; and all cultures were incubated 
at 30 C for 24 + 2 hr. 

1) Production of 2,3-butanediol. The medium used 
for this test had the following composition: nutrient 
broth (Bacto'), 8.0 g; dibasic potassium phosphate, 
5.0 g; and distilled water, 1,000 ml. 

The medium was distributed in 4.5-ml amounts and 
sterilized. A 15% (w/v) glucose solution was sterilized 
at the same time, and when both had cooled, 0.5 ml 
of the sterile glucose solution was aseptically added, 
giving a final concentration of 1.5% glucose in each 
tube. After incubation, 2,3-butanediol was determined 
using the colorimetric method of Neish (1952). This 
method does not distinguish between 2,3-butanediol 
and acetoin; but since Aeromonas produces only traces 
of acetoin (Stanier and Adams, 1944), the color was 
considered to come mainly from the compound under 
investigation. 
0.1 m periodic acid was pipetted into each tube of 
fermentation broth. The tubes were shaken and allowed 
to stand undisturbed for 19 hr at room temperature. 
At the end of this period, 1.5 ml of piperazine hexa- 
hydrate solution? and 0.5 ml of a 4% (w/v) sodium 
nitroprusside solution (prepared daily) were introduced 
into each tube. The appearance of a distinct blue color 
within 2 min was indicative of 2,3-butanediol pro- 


The procedure followed was: 1 ml of 


1 Difco Laboratories, Inc., Detroit, Mich. 

2 Dissolve 25 g of piperazine hexahydrate (practical) in 99 
ml of distilled water and then add 1.3 ml of 87% formic acid, 
or its equivalent. 
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duction. Pale green color development was considered 
negative. 

2) Action on glucose. Action on glucose was de- 
termined in nutrient broth containing 1% (w/v) glu- 
cose, pH indicator and inverted vials. The tubes were 
observed for acid and gas production. In some of the 
early tests it was necessary to allow 48-hr incubation 
to show gas production in some A. liquefaciens cultures. 

3) Presence of cytochrome oxidase. The procedure 
suggested by Gaby and Hadley (1957), as modified by 
Ewing and Johnson (1960), was used. Nutrient agar 
slant cultures were tested for the presence of this en- 
zyme by the addition of 2 or 3 drops each of a 1% 


TABLE 3. Reactions of Pseudomonas fluorescens on 
different media 


Glucose broth | Produc- 
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(w/v) aqueous solution of p-aminodimethylanaline oxa- 
late and 1% (w/v) a-napthol in 95% ethyl alcohol. 
The appearance of a deep blue color in the area of 
growth within 90 sec was considered positive for the 
presence of cytochrome oxidase. Any culture failing to 
develop color after 2 min was considered negative. 

4) Starch hydrolysis. This test was performed using 
nutrient agar slants containing 0.2% (w/v) soluble 
starch. Hydrolysis was determined by flooding the 
cultures with iodine solution. 

5) Production of hydrogen sulfide. In preliminary 
tests, several media designed for the detection of hy- 
drogen sulfide were employed. The most sensitive 
medium, and the one which gave the most uniform 
results was motility sulfide medium (Bacto).! 

RESULTS 

The data listed in Tables 3 and 4 present striking 
differences between the two genera of bacteria. All 
P. fluorescens cultures (Table 3) were negative for all 
tests except for the presence of cytochrome oxidase, 
where all were positive but one. The only change noted 
in glucose broth with the Pseudomonas cultures used 
was a slight acid reaction at the top of the medium. 
This was taken for oxidation of the carbohydrate rather 
than acid from fermentation since these cultures showed 
an oxidative type of metabolism in the medium of 
Hugh and Leifson (1953). All cultures of A. liquefaciens 
(Table 4) gave positive reactions on all media, with the 
exception that culture 77 produced no 2 ,3-butanediol. 


Discussion 

The data suggest that the use of these tests would be 
adequate for the identification of A. liquefaciens and 
its separation, not only from P. fluorescens, but also 
from enteric organisms which are cytochrome oxidase 
negative. Even though both groups of Pseudomonad- 
aceae were positive with this test, consistent differ- 
ences in the other four tests are more than enough to 
effect separation of the two genera. 

The point must be stressed that the strains of Aero- 
monas used throughout this investigation had been on 
hand for as long as 8 to 10 yr, and the possibility exists 
that freshly isolated strains may not give such uniform 
results. Therefore, interpretation of these tests is im- 
portant if they are to be of practical value. It is the 
author’s opinion that of the five described tests 2,3- 
butanediol is the most important, followed by the test 
for cytochrome oxidase. Many motile, gram-negative 
bacteria have the ability to produce acid and gas in 
glucose broth, hydrolyze starch, or produce hydrogen 
sulfide, but few have the ability to produce 2,3-bu- 
tanediol. In fact, Miles and Miles (1951) stated that all 
strains of the A. liquefaciens type with the ability to 
produce 2,3-butanediol should be placed in the genus 
Aeromonas. The ability of a gram-negative, motile, 
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bacterium isolated from diseased fish, to produce this 
compound and also to show the presence of cytochrome 
oxidase, is almost conclusive evidence that the organism 
is A. liquefaciens. If one of these tests were negative, 
and the other four were positive (as in the case of 
culture 77), more extensive tests, such as flagella stain- 
ing or serological typing would be necessary before 
identification could be accomplished. This is not to 
say that the other three tests (action on glucose, hy- 
drogen sulfide production, and starch hydrolysis) are 
not important. If more than one of these were negative, 
more extensive tests would again be needed. The main 
reason for including all five tests in these methods is to 
afford anyone who is trying to identify an organism of 
the Aeromonas type as many definitive tests as practical, 
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